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Radio’s greatest line 


You benefit by handling RCA Tubes, 
Batteries, TV Components, Speakers, Parts 
and Accessories . . . because you can get 
them ‘all from one dependable source of 
supply ... because the RCA monogram on 





any product gives it immediate customer 
acceptance. Also, you’ll save time and give 
greater Customer satisfaction with the out- 
standing new line of RCA Test Equipment 
in your service shop. 








ALWAYS KEEP IN TOUCH WITH YOUR RCA DISTRIBUTOR 
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One high quality — for TV-FM-AM 
— aft no extra cost 





RCA has pioneered the development of tubes for television. 
In TV and FM—where tube quality counts—RCA tubes 
more than meet the critical requirements. That’s because the 
quality level of RCA tubes has been continuously advanced in 
step with circuit progress. Improved design . . . more rigid 


control over manufacture and inspection... 
and more exacting tests, account for these 
higher quality standards. They apply to all 
tubes of a type... at no extra cost. 

This single standard quality benefits all 












users. This extra quality cuts down costly service callbacks... 
builds customer confidence .. . brings you more business. 
When you push RCA tubes you’re selling the brand that 
holds top customer acceptance. So—push RCA tubes and 
watch your business grow! 


Always keep in touch with your RCA Tube Distributor. 
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INTRODUCTION 


The purpose of the RCA Television PICT-O-GUIDE is to pro- 
vide the servicemen with a handy aid to Television trouble 
shooting by picture analysis. The pictures have been taken with 
unusual care and, in addition, particular attention has been paid 
to reproducing them here with enough clarity to be of real use in 
identifying trouble symptoms as they appear in the picture 
image. The photographs were taken from the face of the picture 
tube of the RCA Television Dynamic Demonstrator. The circuit 
used is similar to that of the RCA model 630TS. This fact 
should be borne in mind when the Pict-O-Guide photos are 
studied inasmuch as the troubles and their causes as described 
apply in particular to this basic type of Television circuit and 
not necessarily to others. In most cases, the photographs were 
taken with the controls set for normal operating conditions. In 
some cases, however, it was necessary to readjust the brightness 
and contrast controls to obtain satisfactory photographs. 


On the first page of each section of this book, you will find a 
reproduction of the schematic of that section of the circuit of the 
receiver used in making the photographs. The circuit section 
should be referred to when the photographs in each section are 
studied. 


A major purpose of the Pict-O-Guide is to help the television 
technicians to identify the particular section causing a trouble. 
Once the faulty section is identified, standard test equipment may 
be used to detect the faulty component. 


Each RCA Television Pict-O-Guide card is coded by letter and 
number. The letter indicates the section of the receiver in which 
the trouble occurs, or the type of trouble. The number after the 
letter identifies each card in a particular letter group. The user 
may rearrange the cards if desired in any sequence that is most 
helpful to him. Volume I contains several cards in each of several 
catagories of television troubles. Volume II will round out each 
of these catagories and add new ones as well. 
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THE RCA TELEVISION DYNAMIC DEMONSTRATOR 





The RCA Television une Dhediginicstor: is another RCA 
first. It is a feature of the famous RCA Television Service 
Clinics presented by the RCA Tube Department. In addition, 
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it has facilitated greatly the taking of the unusual collection of 
Television photographs contained in the RCA Television 
Pict-O-Guide. 


The Demonstrator itself is a complete and operating 30-tube 
RCA Television receiver similar to the RCA model 630TS, laid 
out on a large upright panel. Almost 200 parts such as resistors 
and capacitors as well as tubes can be readily removed from the 
circuit or changed, showing clearly the effect of failure or impro- 
per adjustment of these components on the picture tube image. 
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operates at 15,750 cycles. 


Diagram of horizontal deflection and high-voltage section. This 
section is fed from the output of the horizontal oscillator which 
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HORIZONTAL DEFLECTION TROUBLES 
Typical Symptoms 


1. Insufficient width or poor horizontal linearity. 
2. Bright vertical bars on raster. 

3. Fold-over at left- or right-hand sides of raster. 
“J 


. Absence of raster due to high-voltage failure. 


Failure of the horizontal oscillator, horizontal discharge, or 
horizontal output circuits will result in failure of high voltage. 
When high voltage fails, there is complete absence of raster or 
picture on the kinescope. 
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Diagram of horizontal deflection and high-voltage section. This 
section is fed from the output of the horizontal oscillator which 


operates at 15,750 cycles. » 
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HORIZONTAL DEFLECTION TROUBLES 
Typical Symptoms 

1. Insufficient width, too much width or poor horizontal linearity. 
2. Bright vertical bars on raster. 

3. Fold-over at left- or right-hand sides of raster. 

4. Absence of raster due to high-voltage failure. 

Failure of the horizontal oscillator, horizontal discharge, or hori- 
zontal output circuits will result in failure of high voltage. When 


high voltage fails, there is complete absence of raster or picture 
on the kinescope. 
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N : 
Three bright vertical bars at left-hand side of raster produced 


when the value of the plate resistor of the horizontal discharge 
tube is changed from 680,000 to 50,000 ohms. Resistance values 
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somewhat higher than 50,000 ohms but less than approximately 
250,000 ohms produce one or two bright vertical bars. Refer to 
HD-1 for schematic. 











Two bright vertical bars produced when the value of the plate 
resistor of the horizontal discharge tube is changed from 680,000 to 
200,000 ohms. (Leakage across 390-yyf capacitor from plate of hori- 
zontal oscillator, shown in HO-1, also produces bright vertical bars.) 
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Fold-over at left produced by 60,000-ohms leakage across grid coupl- 
ing capacitor of horizontal output tube. Refer to HD-1 for sche- 
matic. 


\ 


r 


ee ee eee _ eee eee ee 


KA Television PICT-@-GUIDE___% 





Horizontal jitter or raggedness produced by incorrect adjustment of 
horizontal peaking (drive) control. It may not be possible to pro- 
duce this effect with some 6BG6-G tubes. See reverse side for more 
severe condition. 
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Double image (horizontal displacement of interlaced fields) pro- 
duced by incorrect setting of horizontal peaking (drive) control, or 
by low-value grid resistor (90,000 ohms instead of 470,000 ohms) in 
circuit of horizontal output tube. Refer to HD-1 for schematic. 
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capacitor between cathode of horizontal damper tube and— 


Fold-over at left-hand side of picture produced by open 0.05-uf 
100-volt bus. For effect on this trouble on raster alone, see HD-4. ea} 
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Refer to HD-1 for schematic. 
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Fold-over at left-hand side of raster produced by open 0.05-yf 
capacitor between cathode of horizontal damper tube and —100- 
volt bus. For effect of this trouble on picture, see HD-3. Refer 
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to HD-1 for schematic. 
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Fold-over at ght. end side of picture produced when the value 
of the grid resistor of horizontal output tube is changed from 
470,000 to 40,000 ohms. Refer to HD-1 for schematic. 
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Horizontal non-linearity (compressed on left) produced by open 
- 0.05-yf capacitor in screen circuit of horizontal output tube. Refer to @) 
HD-1 for schematic. 
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Horizontal non-linearity (compressed on right), with bright vertical 
bar at right, produced by open 0.035-yf capacitor in plate-return cir- 
cuit of the horizontal output tube. Refer to HD-1 for schematic. 
When this capacitor is open, the 56,000-ohm resistor from the hori- 
zontal output transformer in the +B supply to the vertical oscillator 
shown in VO-1, is likely to overheat and increase in value due to 
horizontal pulses flowing through the resistor and the 10-yf capacitor. 
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Horizontal non-linearity indicated (spread on left; compression 
on right) is produced when resistor shunting the horizontal 
damper tube is open. Refer to HD-1 for schematic. 
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Small picture with fold-over at left produced when damper tube 
is removed from socket. This photograph was taken in a dark 
room with high line voltage applied to receiver. Normally, 
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failure of damper tube causes complete absence of raster or 
picture. Refer to HD-1 for schematic. 
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The faint dark vertical line followed by light area at left of raster 


is caused by Barkhausen oscillations in the horizontal output @) 
tube. These oscillations occur during a brief period in each “98 
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horizontal sweep when the voltage conditions are proper for sus- 
taining this spurious oscillation. The effect is most evident on the 
high-frequency channels when the contrast control is turned up 
to the maximum position. This effect may be minimized by 
adjusting the horizontal drive control and, in extreme cases, by ; 
replacing the horizontal output tube. Refer toHD-1 for schematic. 


HLA Television PICT-@-GUIDE % 





Normal expansion in picture size when brightness control is 
turned up. Turning up the brightness control increases the kine- 
scope beam current so that the voltage drop across the 1-megohm 27 
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high-voltage filter resistor is increased and the accelerating volt- 
age decreased. As a result of the decreased accelerating voltage, 
the beam is more easily deflected and the picture becomes larger. 


This photograph shows normal expansion. Greater expansion 
indicates either that the 1-megohm resistor has increased in value 
or that the high-voltage rectifier is defective. Do not check the 
high-voltage by arcing the high-voltage lead to chassis. This 
expedient will generally cause an increase in the value of the 
1-megohm resistor because of the heating effect of the momentary 
high current. Refer to HD-1 for schematic. 
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across one half of the horizontal deflection coils. If the opposite half 


Trapezoidal or keystone-shaped raster, produced by a short circuit 
of the coils is shorted, the keystoned raster is narrow at the bottom S) 





and wider at the top. 


The effect of an open circuit in the horizontal deflection coils depends 
on the type of high-voltage supply used in the particular receiver. 


In receivers with pulse or kick-back type of high-voltage supply an 
open circuit in the horizontal deflection coils usually reduces the 
high voltage to such an extent that there is no brightness on the 
kinescope. 


In receivers with 60-cycle or rf-type high-voltage supply, an open 
circuit in the horizontal deflection coils usually does not affect the 
high voltage but does stop horizontal deflection. In such a case the 
kinescope shows only a single bright vertical line. 
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Ripple at left side of raster produced when value of capacitor shunt- 
ing half of horizontal deflection coils is incorrect; 560 yuf instead 
of 56 puf. Refer to HD-1 for schematic. 
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Extreme ripple produced when value of capacitor shunting half of 
horizontal deflection coils is incorrect; 5600 puf instead of 56 pyf. 
Refer to HD-1 for schematic. 
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Horizontal non-linearity (compressed on left), expanded size, and 
low brightness, produced by 100,000-ohm leakage across grid coupl- 
ing capacitor of horizontal discharge tube. Refer to HD-1 for sche- 
matic. 
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Horizontal non-linearity (compressed on left), with bright vertical 
section at left, produced by open peaking control, open 6800-ohm 


resistor, or open 680 yyuf capacitor in horizontal peaking (drive) 
circuit. Refer to HD-1 for schematic. 
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HORIZONTAL OSCILLATOR TROUBLES 7 
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Diagram of horizontal oscillator and automatic-frequency control 
section. Sync pulses from the sync section are applied through 
% the 82-uuf capacitor. The output of the horizontal oscillator is 





fed into the horizontal discharge tube. 


HORIZONTAL OSCILLATOR TROUBLES 
Typical Symptoms 


1. Picture out of sync horizontally because oscillator is off 
frequency. (Adjust oscillator tank slug). 


2. Picture not phased correctly. (Adjust discriminator trans- 
former slug). 


3. Microphonics in horizontal deflection. (Try new 6AC7). 
4. Failure of high voltage due to failure of horizontal oscillator. 


(Check the developed grid voltage on oscillator). 
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Diagram of horizontal oscillator and automatic-frequency control 
section. Sync pulses from the sync section are applied through the 
82-yupf capacitor. The output of the horizontal oscillator is fed into 
the horizontal discharge tube. 
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HORIZONTAL OSCILLATOR TROUBLES 
Typical Symptoms 


. Picture out of sync horizontally because oscillator is off frequency. 


(Adjust oscillator tank slug). 


. Picture not phased correctly. (Adjust discriminator transformer 


slug). 


. Microphonics in horizontal deflection. (Try new tube in horizontal 


oscillator or horizontal-frequency-control circuits). 


. Failure of high voltage due to failure of horizontal oscillator. 


(Check the developed grid voltage on oscillator). 
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Shifted picture with improper horizontal sync phasing produced 
when the 0.015-uf capacitor in the tuned circuit of the horizontal 
discriminator is open. Controls are in normal position. The same 
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effect, but with smaller amounts of picture shift toward the left, 
is produced when the tuning slug of the horizontal discriminator 
coil is improperly adjusted, or when horizontal hold control is 
adjusted through its range. 


The wide vertical black bar in center of photograph is produced 
by the horizontal blanking signal. In a normal picture; a small 
portion of this blanking is present at each side of the picture and > 
the remainder occurs during the horizontal fly-back time. (See 
card S-3 for the horizontal blanking and sync). Refer to HO-1 
for schematic. 
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Horizontal sweep out of sync. This picture will vary with dif- 
ferent settings of horizontal hold control. See HO-4 for picture 
with different setting of control. The picture evidences erratic 
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operation of the horizontal oscillator caused by an open 0.0162-uf 
capacitor in the tank circuit of the horizontal peciiator. Refer 
to HO-1 for schematic. 
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Horizontal sweep out of sync. This picture is caused by the same 
circuit fault as HO-3 but the setting of the hold control is 
different. The picture evidences improper operation of the hori- 
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zontal oscillator caused by an open 0.016-uf capacitor in the tank 
circuit of the horizontal oscillator. Refer to HO-1 for schematic. 
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‘‘Pie-Crust’’ edge effect produced by open 0.05-uf capacitor in 
grid circuit of horizontal oscillator tube. Refer to HO-1 for 
schematic. 
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Repeated overlapping patterns caused by incorrect frequency of the 
horizontal oscillator. Produced by incorrect adjustment of the oscil- 
lator tuned-circuit inductance slug. 
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The correct frequency of the horizontal oscillator is 15,750 cycles- 
per-second. When the oscillator frequency is too low or too high, it 
is impossible to obtain a single complete picture horizontally. The 
effect seen on the kinescope may assume a wide variety of forms 
that vary with adjustment of the horizontal hold control. Other 
appearances of this trouble are shown on HO-6a. 


In the horizontal oscillator circuit of many television receivers 
there are one or more special temperature-compensating capacitors 
or resistors. If one of these units becomes defective and must be 
replaced, it is essential to use an exact replacement; otherwise the 
oscillator frequency will drift sufficiently, particularly during the 
warm-up period, to make the picture go out of horizontal sync 
repeatedly. In the RCA circuit shown in HO-1, the value of the 
oscillator tank capacitor is given as 0.0162 yf. Actually this com- 
ponent consists of two capacitors connected in parallel. One of these 
is a special temperature-compensating unit of 1200 yyf. Without 
this special capacitor the set would go out of horizontal sync several 
times during the warm-up period, necessitating readjustment of the 
hold control of the tuning slug on the oscillator transformer. 
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Incorrect frequency of horizontal oscillator. Refer to HO-6 for ex- 
planation of cause of this photograph and the one on the reverse side. 














Incorrect frequency of horizontal oscillator. Refer to HO-6 for ex- 
planation of cause of this photograph and the one on the reverse side. 
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KINESCOPE 


Under the heading of “Kinescope” will be grouped symptoms of 
troubles produced by— 

1. The kinescope. 

2. The kinescope supply voltages. 

3. Extraneous magnetic fields near the kinescope. 
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. Incorrect positioning or faults in the deflecting coils, focusing 
coil, and ion-trap magnet. 
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Picture A ate out of shape ee, ee magnetic - field of aPM ‘aire 
located near the flare of the kinescope. Reversing the magnet 
pushes the picture down. 


a 


‘3 





41 





4 * 





speaker located near the flare of kinescope. Reversing the magnet 


Picture pushed down out of shape by the magnetic field of a PM © 
pulls the picture out (See K-2). 
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Circle pushed in slightly at upper right by ac field of a 60-cycle trans- 
former placed near the flare of kinescope. 








Darkening of one-half the picture produced by the ac field of a 
60-cycle power transformer placed along the neck of the kine- 
scope near the socket. Similar effect can be produced by power 
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supply ripple (hum) in video. 





Rounding of a corner of the picture or raster produced by im- 
proper positioning of focusing coil. The electron beam in the 
kinescope may be cut off by the neck of the kinescope and result 45 
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in an incomplete raster with one or two corners cut off if the 
focusing coil or ion-trap magnet are improperly positioned. 
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bee | 


«CHANNEL 6 





The television receiver used in this photograph had good focus. See 
K-5a, K-5b, K-5c for examples of poor focus. Read text on reverse 
side of these cards. 
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FOCUSING ADJUSTMENTS ; 


The television signal modulates the intensity of the electron beam 
in the kinescope. The beam produces a luminous spot on the face of 
the kinescope. It is this single small spot that “paints” the picture. 


For good definition or resolution, or ability to make small details 
evident and distinct in the picture, the spot must be small enough 
so that the horizontal line structure can be seen distinctly, and the 
spot should be round in order to get best definition from top to 
bottom and from left to right. | 


If the spot is slightly elliptical, or oval shaped, instead of round, it 
may be detected by adjusting the focusing control thus: 


The vertical and horizontal wedges in the test pattern are used in 
adjusting focus. To determine the shape of the kinescope spot, check 
the wedges as follows: 


Closely examine the separate lines at the narrow end of the vertical 
wedge, and adjust the focusing control so the wedge lines are in best 


focus, or sharpest. 


Then look at the lines toward the narrow end of the horizontal wedge 
to see if a slight readjustment of focus in either direction improves 
the focus. If best focus on both the vertical and horizontal wedges 
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Poor focus caused by improper adjustment of focusing control. Read 
K-5 to K-5c. 
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is obtained at the same setting of the focus control, it may be 
assumed that the spot is round. If the setting for best focus is slightly 
different for the two wedges, it indicates that the spot is oval. In this 
case, adjust the control for best focus on the vertical wedge. 


If best focus on both wedges occurs at the same setting of the focus 
control, and if in addition, at this setting, the raster lines are clearly 
evident, it may be assumed not only that the spot is round, but 
also that it is small. 


Poor focus can result from non-symmetrical residual permanent 
magnetization of the metal shell around the focus coil, or nearby 
brackets. To check, turn the set off and explore around these parts 
with a small sensitive compass. If the compass needle is attracted 
toward these parts, they should be demagnetized in any convenient 
manner, or else new parts that are checked to be free from residual 
magnetism should be substituted. In using the compass, it may be 
necessary to remove any pm speaker from the immediate vicinity. 


In most test patterns, the narrow ends of the wedges are intentionally 
placed near the center of the test pattern. By focusing here, it 
ensures that the picture will be in best focus at the center. This is 
desirable because the center of interest of most televised scenes is 
at the center of the picture area. 
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Very poor focus caused by improper adjustment of focusing control. 
Read K-5 to K-5c. 
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In most directly viewed kinescopes, it is not possible to see the scan- 
ning-line structure clearly over the entire picture area. The scanning 
lines are normally slightly out of focus at the left and right edges 
when the focus control is adjusted for best focus near the center. 


If focus is not reasonably good over the entire picture, it may indi- 
cate need for repositioning of the ion-trap magnet, focusing coil, and 
readjustment of the focusing control. 


If the test pattern does not have wedges in the corners (only a few 
test patterns have such wedges) the horizontal scanning lines can be 
observed to check focus over the entire picture area. 


When focus must be adjusted on a program, without the help of a 
test pattern, it is generally satisfactory to adjust for the finest 
scanning-lines at the center of the picture. Adjust for best definition 

on fine vertical details, or on the vertical lines of a fine beat inter- — 
ference, such as the 4.5-Mc beat between picture and sound carriers. 


In projection receivers, in addition to the usual electrical focus con- 
trol for the kinescope, there are mechanical focusing adjustments 
for the optical system. To prevent confusion, and to get the best 
possible picture, it is important to adjust the electrical focus first 
while looking at the kinescope or at the reflection of the kinescope 
in the spherical mirror. Do not touch the optical system until the 
test pattern as seen on the kinescope is extremely sharp and clear. 








Extremely poor focus caused by improper adjustment of focusing 
control. Read K-5 to K-5c. 
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In well-designed television receivers, the focus remains good for 
normal slight changes in the setting of contrast and brightness. In 
receivers where the focus changes appreciably with normal adjust- 
ment of contrast and brightness, it is suggested that the technician 
adjust the contrast and brightness in the same way that the par- 
ticular customer is likely to do, then adjust the focusing control. 


In adjusting focus, it is a good procedure to swing the control back 
and forth through the position of best focus, gradually narrowing 
down the swing to the exact position that gives best focus. If it is 
not possible to “go through” the best focus position (for example if, 
due to high or low line voltage, or other reasons, the best focus 
occurs at an extreme end of the control) it may be necessary to 
change the value of series or shunt resistors in focusing-coil circuit 
so that best focus occurs near center position of focusing control. 


It is necessary to distinguish clearly between the effects of poor 
focus, and the effects of poor rf-if or video response, which are 
entirely different troubles. Poor frequency response does not affect 
the focus of the horizontal scanning lines. Therefore, if in doubt, 
remove the picture signal and observe whether focus can be adjusted 
to make the raster lines plainly evident on close-up inspection. Also 
compare the photographs of poor video response (indexed under V) 
to the photographs of poor focus in K-5a, K-5b and K-5c. 


a ~ 
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Lack of brightness, or a faint crescent-shaped glow on the kinescope, 
produced by rotating the ion-trap magnet 180 degrees from its cor- 
rect position. 
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A general procedure for setting the ion-trap magnet is as follows: 


1. Install ion-trap magnet with correct end forward. If you do not 
know which end of a particular type of magnet should be toward 
the front, try it one way and if that doesn’t work, reverse it. 


2. Advance brightness control to maximum brightness position. 


3. Move the ion-trap magnet gradually forward or backward while 
rotating it until a position is found that produces maximum 
brightness on the face of the kinescope. 


4. Reduce brightness to a moderately low level by means of the 
brightness control. 


5. Move the magnet backward or forward and rotate it one way or 
the other until the exact position that produces maximum bright- 
ness is found. This position can be found most accurately by 
keeping the brightness fairly low by means of the brightness 
control. 


6. Adjust brightness, contrast, focus, size, linearity, and centering, 
for a normal picture or raster. 

7. Observe the focus of the raster lines over the entire picture area. 

8. The over-all focus can sometimes be improved by readjusting the 
ion-trap magnet slightly away from the position that gives 


maximum brightness and then rechecking the focus control. Read 
the text on K-5 to K-5c. : 








No brightness on kinescope. This is a common trouble and some of 
the possible causes, listed on the reverse side, are likely to be 
embarrassing: 
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Set is not plugged in. 


. Power switch is not turned on. 


Selector knob in a combination set is not turned to “TV” position. 
High-voltage lead is not connected to the kinescope. 
A tube that was temporarily removed is still on the table. 


Ion-trap magnet is on table or floor instead of being on the 
kinescope. 


Ion-trap magnet is installed wrong-end forward. 
Ion-trap magnet is rotated 180° from correct esition. 


. Brightness is not turned up. 

. An inter-connecting cable is not plugged in. 
. Socket is not inserted on kinescope. 

. A fuse is blown out. 


More legitimate reasons for “no brightness” include: 

Failure of the circuits, components, or tubes in the horizontal 
oscillator, discharge, horizontal output, high-voltage, or hori- 
zontal damper. 

Failure of the kinescope. 


Failure of the supply voltages feeding the horizontal oscillator, 
horizontal deflection circuit, or kinescope. 





pe: iis 


This is a small section of the WFIL test pattern spread out vertically 
— to show the scanning-line structure, with brightness advanced to 
make the lines thicker than usual. Read K-8 to K-8b. 
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Ion-Trap Magnet, Double Field Type 


The highly interesting and informative photographs on K-8 to K-8c 
show a peculiar effect on horizontal scanning lines. 


In K-8 (with a properly adjusted magnet) the contrast is adjusted 
so that the electron beam in the kinescope is not completely cut off 
in the dark areas of the test pattern. Note how the scanning lines 
become thinner to produce the grey areas in the test pattern. Note 
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also that the thin section of each scanning line is centered with respect 
to the thick section. 


In K-8a (with a properly adjusted magnet) the controls were ad- 
justed for correct contrast. As a result the beam is completely cut 
off in the black areas of the pattern. However, it can be seen that the 
thin section of each scanning line, if made visible, would be centered 
with relation to the thick section. 


In K-8b (with an improperly adjusted magnet) note that the thin 
section of each horizontal scanning line is not centered with respect 
to the thick section: the thin sections are displaced upward. 


In K-8c (with an improperly adjusted magnet) the vertical displace- 
ment of the thin sections of the scanning lines is again evident. 


These effects are produced when the front ring magnet of the ion- 
trap magnet assembly is rotated incorrectly with respect to the rear 


magnet. This particular trouble is rarely encountered and the effects. 


are not noticeable except on close examination. 


The photographs, however, serve another and more important pur- 
pose in showing clearly how the television picture is formed by light 
and dark sections on each horizontal scanning line, and how grey is 
produced in the picture by the horizontal scanning lines becoming 
thinner. 


> a 
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Same as K-8 except that the front ring of the ion-trap magnet assem- 
bly is incorrectly rotated with respect to the rear magnet. Read K-8 


to K-8b. 
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The photographs show a small section of the WFIL test pattern, 
including a portion of the top vertical wedge, and a portion of the 
inner double circle. Vertical deflection is spread out to make the 
horizontal scanning lines distinctly visible. 


The photographs on K-8 and K-8b were made with the brightness 
control advanced beyond normal in order to thicken the horizontal 
scanning lines for ease in study. 


The photographs on K-8a and K-8c were made with normal bright- 
ness and normal line thickness. 








ACA Television PICT-@-GUIDE 


Bees hihi il) 
BAARARILL) 
BERARALEAILILL 


Be g 4 ; x 
3 EY i 
- £ 

3 = F 





NY 
iT 


PePPPOPPPDDOD 


POP PP PPP P PRD OD 
PPP PPP PPP PP PEDE 


pPpPePpPeeenehy 


PePP PPP PPP PPN 
TUT AALALALAL 
Peep ep PPT 
PePpPpheey 
peepee 


Hah) 





Same as K-8b, except that the brightness is adjusted for normal 


thickness of the horizontal scanning lines. Read K-8 to K-8b. 





Diagram of Power-supply section. 
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POWER SUPPLY TROUBLES 
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POWER SUPPLY TROUBLES 
Typical Symptoms 


Filter-capacitor failure in the power supply may affect two or 
more sections of the receiver, producing — 


1. Hum in loudspeaker not controlled by audio volume control. 


2. Hum in horizontal deflection, visible as curvature on left and 
right edges of raster. } 


3. Hum in video, visible as changes in raster brightness from 
top to bottom. 





Waviness in edges of raster caused by hum (power-supply ripple) 
in horizontal deflection circuit, and alternate light and dark areas 
from top to bottom caused by hum in kinescope grid circuit. Hum 
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or ripple is produced by open filter capacitors in power supply. 
This picture was produced when the capacitors at the + 280 volt 
point and +275 volt point were opened. Refer to P-1 for 
schematic. 


RCA Television P ICT-O-GUIDE — 








“Peppermint candystick’’ or ‘“‘Barber-pole’’ effect of alternate 
light and dark sections along the vertical sync pulse produced by 
open filter capacitor on +135-volt bus. Refer to P-1 for schematic. 




















The set may “take off” when certain combinations of electrolytic 
filter capacitors in the power supply are open. In the example shown 
here, the electrolytics on the + 280 volt bus, and on the — 100 volt 
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bus were open, resulting in common coupling between various sec- 
tions of the receiver. This produced the effect on the raster that is 
shown here, accompanied by considerable noise and hum from the 
speaker. 


When the common lead in a multiple electrolytic becomes open it 
may produce troubles that are very difficult to localize. The old faith- 
ful method used in radio to check each electrolytic by temporarily 
shunting a new one across it may not work in television receivers 
in the case of multiple electrolytics. For example, to check a triple 
electrolytic without removing it from the set, it may be necessary 
to shunt three separate new electrolytics across the original one. 
Another method is to remove all the leads temporarily from the 
original unit and connect them to a good replacement triple electroly- 
tic. If the new unit corrects the trouble it can then be installed in the 
receiver permanently in place of the defective one. 


Refer to P-1 for schematic. 
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RF-IF TROUBLES 


Under the heading of “‘RF-IF’’, will be grouped symptoms of 
troubles produced by— 


A 
2 


Incorrect rf-if alignment. 


Faults in the head end (rf tuner) and in the if amplifiers. 


Typical Symptoms 


. Poor picture quality, due to incorrect rf-if alignment. 


. Poor syne and blanking, due to insufficient low-frequency 


response. (Incorrect alignment). 


. Dark streaks across vertical wedge, due to if regeneration. 
. Poor signal-to-noise ratio, due to incorrect alignment. 
. Various interference conditions. 


. Sound in picture, picture in sound. 
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The dark streaks across the vertical wedge and the multiple 
echoes or ringing evident at right of station letters and circle 
indicate regeneration (positive feedback) in the picture if amplli- 
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fier. Dark streaks across vertical wedge occur at approximately 
2.5 Mc. Repetition rate of ringing is also 2.5 Mc. The regeneration 
is occurring at a frequency of 2.5 Mc. from the picture-if carrier, 
or 23.25 Mc in this receiver which has a picture if of 25.75 Mc. 


Regeneration is usually evident only on weak signals when the 
gain of the picture if amplifier is maximum. Regeneration is 
usually a result of incorrect alignment, but may be caused by 
open plate and screen capacitors, improper lead dress, etc. 


mn 
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‘; | Poor low-frequency response (horizontal wedge) and phase shift 


indicated by variations in shading on the station letters and on 
the outside circle, produced by one incorrect adjustment in the 
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picture if amplifier. The adjacent-channel sound trap, normally 
set at 27.25 Mc, was detuned to about 26 Mc. This detuning has 
the effect of moving the picture if carrier of 25.75 Mc down near 
the bottom of the response curve and, as a result, produces poor 
low-frequency response and phase shift. (Low-frequency modu- 
lation exists as sidebands close to the carrier frequency). 


Detuning the trap further to 25.75 Mc destroys the low-frequency 
response, with the result that both vertical and horizontal sync 
are completely lost. 


This trouble is a convincing illustration of the value of accurate 
crystal calibrators in television alignment. 
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Poor picture definition produced by open coupling capacitor 
between 2nd and 3rd picture-if amplifier stages making it neces- 
sary to advance the contrast control much more than normal. In 59 
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weak signal areas, it would not be possible to see a picture. 


Leakage in an if coupling capacitor generally reduces the bias 
and increases the gain, making the contrast control ineffective in 
some cases. 





NEL G 








27.25 21.25 19.75 


Normal response with normal alignment, carrier at 50%. Both the @) 
horizontal and vertical wedge are equally strong. Read R-5 to R-5h. 
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EFFECT OF RF AND IF ALIGNMENT ON PICTURE QUALITY 


Correct alignment of the rf and if amplifiers in a television receiver 
is essential in order to obtain the best picture quality, best gain and 
signal-to-noise ratio, least interference, good sync action, and effec- 
tive blanking of vertical return lines. In fewer words, correct align- 
ment is essential for good reception. — 


It is the writer’s experience that a thorough knowledge of the sub- 
ject of rf-if response is an important factor in advancing a TV tech- 
nician to the grade of “expert’’. 


To aid in studying this subject, we are giving a brief outline of the 
reasons why a particular rf-if response curve is used in TV receivers, 
also numerous photographs showing the effects of incorrect rf-if 
response, and finally a number of practical pointers on variations 
from the ideal response curve. 


The picture signals produced in a television camera range in fre- 
quency from a few cycles per second to about 4,000,000 cycles per 
second. These signals are used to modulate the amplitude of the sta- 
tion’s rf carrier. 


Amplitude modulation produces “sidebands”. A 100-Mc carrier, 
amplitude modulated by a 60-cycle sine-wave signal, has sideband 
frequencies at 100 Mc plus 60 cycles, and at 100 Mc minus 60 cycles. 


y 
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21.25 19.75 


Picture carrier at 20%. Low-frequency response is down, indicated 
by fact that horizontal wedge is not as strong as vertical wedge. Read 
R-5 to R-5h. 
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A 100-Mc carrier modulated by a 4-Mc sine-wave signal has side 
frequencies at 104 Mc and at 96 Mc. To transmit and receive both 
side frequencies resulting from amplitude modulation by a 4-Mc 
sine-wave signal requires a bandwidth of at least 8 Mc for the pic- 
ture channel. 


To conserve bandwidth and thereby afford room for additional chan- 
nels, the sidebands on the low-frequency side of the television pic- 
ture carrier, beyond about 1% Mc, are suppressed, that is, they 
are not transmitted by the station. For picture signals up to about 1% 
Mc, the station transmits both sidebands. For picture signals from 
about 1% to 4 Mc, the station transmits only one sideband which 
means that the station transmits more power on low-frequency 
picture signals, up to 1% Mc, than on high-frequency picture signals 
from 1% to 4 Mc. 


To obtain the best picture quality, the output of the receiver must 
be essentially flat or constant from a few cycles per second to 4 Mc. 


Remember that the transmitter is sending out more power on low- 
frequency picture signals than on high-frequency picture signals. It 
is necessary to compensate for this in the receiver, and it is accom- 
plished by aligning the rf-if amplifiers so that the picture carrier is 
placed at about 50%, or half-way up the slope of the response curve, 
as shown in R-5. 
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Picture carrier at 10%. Low-frequency response definitely weak as 
indicated by fact that horizontal wedge is much weaker than verti- 
cal wedge. Read R-5 to R-5h. : 
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With this type of response curve, both sidebands of low-frequency 


picture signals are received: One sideband is amplified less than 
50%, and the other is amplified more than 50%. As an example, for 
some particular low-frequency picture signal, one sideband is ampli- 
fied 40%, while the other is amplified 60%. At some higher signal 
frequency, the gain is 10% and 90%, etc. The two sidebands add 
together to provide approximately 100% amplification. On high- 
frequency picture signals, where there is only one sideband, it falls 
on the flat-top of the response curve so it is amplified 100%. 


Consequently, with this type of rf-if response, the amplification for 
both low-frequency and high-frequency picture signals is the same, 
producing the desired “flat” response. 


If the carrier is placed lower than 50%, the gain at low frequencies is 
reduced. If the carrier is placed at 25%, low-frequency gain is reduced 
to %. If the carrier is placed at 10%, low-frequency gain is reduced to 
1/5th, as shown in R-5b. 


If the carrier is placed higher than 50%, the gain at low frequencies 
is increased. The gain at low frequencies can be increased 2 to 1 by 
moving the carrier up from 50% to 100%, as shown in R-5c. 


It is important to understand that the principal picture components 
and the blanking and sync pulses represent relatively low frequencies, 
but retention of the sharp edges on these signals require good high- 
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21.25 19.75 





Picture carrier at 100%. Excessive low-frequency response indicated 


by fact that horizontal wedge is stronger than vertical wedge. Read 
R-5 to R-5h. 
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frequency response also. 


In referring to picture signals, we mean the signals from a few cycles 
per second to 4,000,000 cycles per second that modulate the rf and 
the if carriers. In the rf stages, low-frequency picture signals are 
relatively close to the frequency of the rf carrier. In the if stages, 
low-frequency picture signals are relatively close to the frequency of 
the if carrier. In the video stages, the carrier frequency, rf or if, cor- 
responds to zero frequency. 


To clarify this point, consider an example with signals of the fol- 
lowing frequencies: rf carrier of 100 Mc.; 
if carrier of 25 Mc.; Picture signal of 2 Mc. 


The 2-Mc picture signal produces an rf side frequency at 102 Mc. 
In the if amplifier (in receivers where the rf oscillator is higher in 
frequency than the station’s carrier) the picture signal produces an 
if side frequency at 23 Mc. In the video amplifier, the picture signal 
appears as a 2-Mc signal. 


Phase relations are important in obtaining good picture quality. This 
subject will not be discussed in this section except to point out that 
all picture signals from a few cycles per second to 4,000,000 cycles per 
second, appearing as side frequencies of the rf or if carriers, and as 
signals in the video amplifier, must take the same amount of time, 


. 
A 


- 








Narrow band width produced by tuning 21.25 Mc traps to 23 Mc. 
Carrier at 50%. Note that lines in vertical wedge are cut off at about 
3 Mc. Read R-5 to R-5h. 
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or have constant time delay, in passing through the receiver from 
the antenna to the kinescope. If there is phase shift or unequal delay 
at different frequencies, streaking, smearing, and other undesirable 
effects are produced. 


It has been found desirable for best picture quality to have the 
picture-carrier slope of the over-all rf-if response curve about 1.5 
Mc wide (measured between the 10% and 90% response points). 
A narrower slope produces excessive phase shift and, consequently, 
smearing or streaking in the picture. 


When studying the photographs R-5 to R-5h note how the clarity of 
the small lettering in “CHANNEL 6” varies with different align- 
ment conditions and is best with the normal alignment shown in R-5. 
The bandwidth of the rf-if response curve in a TV receiver is always 
measured from the picture carrier to a point on the opposite slope: 
this point is usually taken as 50% down. Note effect of narrow band- 
width in R-5d. 


Alignment for Weak-Signal Areas 


Television receivers employ the familiar superheterodyne circuits 
which are complicated slightly by the fact that TV stations transmit 
two separate and distinct rf carriers, one for AM picture signals, and 
one for FM sound signals. The two carrier frequencies are always 


r—- 











Single-peak instead of flat-top response, carrier at 50%. Vertical 
wedge becomes weaker beyond 3 Mc but is not cut off sharply as in 
R-5d. Read R-5 to R-5h: | 
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separated by 4.5 Mc. For example, on channel 2, the picture rf carrier 
is 55.25 Mc, and the sound rf carrier is 59.75 Mc. The separation 
(59.75 minus 55.25) is 4.5 Mc. 


The two rf carriers are amplified equally in the rf amplifier and fed 
into a converter tube. The signal from a local rf oscillator is also fed 
into the converter. The resulting difference-frequency beat between 
the oscillator and the rf picture carrier forms the picture-if carrier. 
The difference-frequency beat between the oscillator and the rf 
sound carrier forms the sound-if carrier. 


For example, in many TV receivers, the correct frequency for the rf 
oscillator on channel 2 is 81 Mc. This rf oscillator frequency provides 
a picture-if carrier of 81 minus 55.25, or 25.75 Mc., and a sound-if 
carrier of 81 minus 59.75, or 21.25 Mc. In such receivers, the picture-if 
amplifier is normally aligned so that 25.75 Mc is half-way up the 
slope of the picture-if response curve. The sound-if amplifier and 
discriminator are aligned so that 21.25 Mc is at the mid-point of the 
sound-if response. Consequently when the rf oscillator is tuned 
exactly to the correct frequency, the picture-if carrier becomes 25.75 
Mc, and it falls at a point half-way up the slope of the picture-if 
response curve. Also, the sound-if carrier becomes 21.25 Mc, and it 
falls at the exact center of the sound-if and discriminator response 
curve. 











Single-peak response, carrier at 60%. Note that vertical wedge is 
weak due to narrow bandwidth. Read R-5 to R-5h. 
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The rf carriers, picture and sound, are fixed in frequency; they cannot 
be changed at the receiver. The response curves of the if amplifiers, 
picture and sound, are fixed, and can be altered only by realignment. 
But the if carrier frequencies are not fixed; they can be increased or 
decreased in frequency by tuning the rf oscillator with the fine tuning 
or the main tuning control. When the oscillator frequency is tuned 
off, the if carrier frequencies are changed by an equal amount and no 
longer fall at the desired points on the if response curves. 


For example, if the rf oscillator is tuned % Mc low, the picture-if 
carrier becomes 25 Mc instead of 25.75 Mc, and the sound-if carrier 
becomes 20.5 Mc instead of 21.25 Mc. In other words, both if carriers 
are ¥%4 Mc low. In this case, the picture-if carrier falls near the top 
of the slope of the picture-if response curve, with the result that the 
gain for low-frequency picture signals is doubled, producing a 
stronger and brighter picture, accompanied by loss of high-frequency 
response and definition. At the same time, the sound-if carrier of 
20.5 Mc falls outside the response band of the sound-if amplifier, 
with the result that sound is completely lost. 


This particular example is cited because it represents a condition 
that is frequently noticed by technicians and by set owners. When the 
rf oscillator is tuned for the brightest picture, the sound is lost. When 
the oscillator is tuned for best sound, the picture is weakened. This 
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26 21.25 19.75 / 


Picture carrier at 10%. Poor low-frequency response indicated by 
weak horizontal wedge. Also causes poor sync, poor blanking, and 
poor signal-to-noise ratio. Read R-5 to R-5h. 
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action, which is perfectly normal in a correctly-aligned TV receiver, 
gives rise to the complaint that “the picture and sound do not track.”’ 


In normal signal areas, the technician should explain to the customer 
that this effect is perfectly normal in a well-designed wide-band 
receiver, and that any change in alignment will adversely affect the 
picture quality on the stronger stations. 


In extremely weak signal areas where thermal noise (or a narrow- 


band tuned booster) limits the useable definition to one or two mega-- 


cycles, technicians with accurate television alignment equipment, 
such as RCA WR-59A sweep generator, and RCA WR-39A cali- 
brator, may realign the picture-if amplifier for narrower bandwidth 
with the if carrier higher on the slope, as shown in R-5e and R-5f, 
as follows: 


(a) Feed rf sweep of desired channel into the antenna input terminals 
of receiver. | 

(b) Connect the cathode-ray oscilloscope (such as RCA WO-55A) 
across load resistor of the picture 2nd detector. 

(c) Tune rf oscillator in TV receiver to the correct frequency by 
means of the calibrator. 

(d) Tune calibrator accurately to picture-if carrier frequency and 
couple it very loosely into the picture-if amplifier. 


“ie 
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Poor reception in general, caused by tuning adjacent-channel sound 
trap lower than picture carrier frequency. Note leading smear on 
left-hand side of lettering. Read R-5 to R-5h. 
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(e) 


(f) 
(g) 


Turn rf-if gain (contrast or “picture” control) to maximum. In 
receivers with automatic gain control, use an external battery 
and potentiometer to set the AGC bus at about minus one volt. 


Adjust rf attenuator on sweep for weak output, well under the 
over-load point. 


Adjust calibrator output so that the picture-if carrier marker is 
visible, but not too strong, on response curve. 


(h) While observing the response on the cathode-ray oscilloscope, 


tune the if coils which are normally set around 25 Mc, slightly 
higher in frequency so that the picture-if carrier marker falls at 
60% or higher on the slope. Tune the lower-frequency if coils 
to a somewhat higher frequency than normal so that the band- 
width is reduced essentially to a single peak. 

In receivers that use over-coupled circuits between the if stages, 
it may be necessary to reduce the coupling in order to decrease 
the bandwidth, and shift the if tuning adjustments slightly 
higher in frequency in order to have the picture-if carrier fall 
at a higher point on the slope. 


(i) There is some possibility of running into if regeneration or oscil- 


lation when aligning for a single peak. If oscillations occur, 
back up on the tuning adjustment of the offending circuit. 
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(j) The traps, sound-if amplifier, and discriminator should be left 
at the frequencies originally specified. 


In many TV receivers, the rf-if response changes appreciably as the 
gain of the receiver is increased from normal to maximum. (This 
alteration in response is due to change in input loading of the tubes 
and other reasons.) In realigning for a weak signal area, it is impor- 
tant to keep the gain of the rf-if amplifier at maximum which, in turn, 
requires weak signal output from the sweep to prevent over- 
loading. Use of a weak signal is also desirable to reveal tendency 
toward if regeneration which is greatest at maximum if gain. 


The imperative need in this case for a weak output signal from the 
sweep is additional reason for specifying the RCA WR-59A sweep 
generator, which has an ingenious dual coaxial-piston attenuator 
that permits reduction of the rf output to a few microvolts without 
affecting the flatness of output voltage over any sweep range. Many 
other sweep generators either do not have provision for reducing the 
rf output to a sufficiently low level, or else the flatness of voltage 
output changes appreciably as the output is attenuated. The prime 
essential of a television sweep generator is flat output voltage over 
each sweep range. A sweep that does not have flat output voltage, or 
that does not remain flat as the output is reduced, is worse than use- 
less because it leads to erroneous alignment. 


As mentioned previously, the rf-if response may change appreciably 
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as the gain is changed from normal to maximum. 


In addition, the response may change radically at minimum gain 
settings required for very strong signal input, resulting in extremely 
poor or washed-out picture quality. It is common to have extremely 
poor picture quality on stations within a radius of approximately 
one mile from the receiver due to excessive signal input. The remedy 
in this case is to use a small indoor antenna, or attenuate the signal 
by means of a resistive H pad at the receiver input terminals. 


As a final point on the subject of rf-if response it should be noted 
that most text books and manufacturers’ service notes show “ideal- 
ized” over-all rf-if response curves. In actual practice it is seldom 
possible to obtain the ideal response on each channel. Generally it - 
is necessary to compromise. One channel can be made to look “like 
it shows in the book’, but on other channels the flat top may slope up 
or down, or it may have a peak or a dip. These variations from 
the ideal should not exceed about 20%. 


The position of the picture carrier, the width of the carrier slope, and 
the over-all bandwidth are the most important factors in obtaining 
good picture quality. The marker frequencies for the picture carrier 
and for the various traps must be accurate. If the marker generator 
is off calibration by only + 1%, which is 0.25 Mc in the if range, 
the picture carrier may actually fall about 25% or 75% up the slope 
instead of at the desired 50% position. 
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Sweep generator connected to the receiver input and generator ad- 


Appearance of over-all rf-if response as seen on kinescope with rf © 
justed for excessive signal input. Read R-6 to R-6b. 
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SWEEP DISPLAY ON THE KINESCOPE 


The photographs on R-6, R-6a, and R-6b are included as an exer- 
cise in interpreting any pattern that may be seen on the kinescope. 
The writer believes that interpretation of these three photographs 
may aid the reader in gaining a better understanding of several 
important principles in television reception. 


When the pattern shown in R-6 was produced, a sweep generator 
was connected to the input terminals of the receiver, which swept 
the channel to which the receiver was tuned. 


The generator sweeps across the channel 120 times in each second, 
alternately sweeping from low to high frequency and then from 
high to low frequency. The normal vertical deflection of the elec-. 
tron beam in the kinescope is 60 cycles per second. When the verti- 
cal hold control is adjusted for this rate, the generator sweeps 
across the channel twice for each vertical deflection of the beam 
from top to bottom. In this photograph the effect produced by one 
sweep occurs at the top of the kinescope, and the effect of the 
second sweep occurs about half-way down on the kinescope. 


The sweep pattern at the center of the kinescope is composed of 
black bars and white spaces. The black bars are produced during 
times when the signal from the sweep is of the correct frequency to 
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19.75 Mc 21.25 Me 
TRAP TRAP 





Same conditions as shown in R-6, except that 27.25-Mc trap in 
receiver is shorted out and its effect disappears from the kinescope @) 
pattern. Read R-6 to R-6b. 
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pass through the receiver. The white spaces are produced when the 
signal from the sweep is not of the correct frequency to pass 
through the receiver. The traps prevent signals from passing through 
the receiver during the periods when the frequency of the sweep 
generator coincides with the frequency of each trap. During these 
periods the kinescope is white. 


In R-6 and R-6a, the sweep output level was set high enough to 
overload the receiver in order to bring up the normally low response 
in the region beyond and between the traps. 


If the effectiveness of any trap is greatly reduced, as for example 
by grasping an exposed trap with the fingers, the trap no longer 
prevents signal of this frequency from passing through the receiver, 
and the original white bar on the kinescope becomes black. This 
effect is shown in R-6a where the 27.25-Mc trap is made ineffec- 
tive by short-circuiting a portion of it. As a result, the white bar 
that indicated the presence of the 27.25-Mc trap in R-6 has dis- 
appeared in R-6a. Similar effects can be obtained by grasping the 
19.75-Mc trap, or both of the 21.25-Mc traps. 


In R-6b, the sweep output level was reduced below the receiver 
overload point. As a result, the response above 27.25 Mc and © 
below 21.25 Mc does not show up. The dark bar at the center of the 
kinescope represents the flat top of the over-all rf-if response. It 
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Appearance of over-all rf-if response as seen on kinescope with rf 


sweep generator adjusted for normal signal input. Read R-6 to 
R-6b. 
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may be noticed that the top and bottom edges of this bar are 
darker than the center, indicating that the flat top has a slight dip 
as shown in the sketch. 


We have ignored the pattern at the top of the kinescope in these 
photographs because a portion of it, which is effective in triggering 
the vertical oscillator, is missing. It may be observed that the top 
pattern is a mirror image of the center pattern. This is due to the 
fact that successive sweeps are reversed in frequency. Reading 
from top to bottom, and thinking in terms of if rather than rf, in 


the upper pattern the generator sweeps from low to high fre- 


quency, while in the center pattern the generator sweeps from high 
to low frequency. The large white areas in the photographs repre- 
sent the time during which the generator is sweeping above and 
below the response band of the receiver. If the generator is ad- 
justed for narrower sweep width, the large white areas become 
smaller while the section that represents receiver response becomes 
larger. 


This method of observing response is not satisfactory for align- 
ment. A good cathode-ray oscilloscope is still required for that job. 


RCA Television PICT-©@-GUIDE 


SYNC TROUBLES 





SYNC.FROM 
VIDEO OUTPUT ISTSYNC. AMPL. 2ND SYNC. AMPL. 3RD SYNC. AMPL. 
RCA 270 RCA Ln 
VERT. 
0.05 6SK7 wut 0.05 yf 6SN7. OSC. 


400 V GT 
400 V 270 yyf 
— TO HORIZ. 
OSC, 


io = 
+ MEG 4700 
MEG MEG id 
, ; 4700 47 : 
iW MEG. 6800 
lowf, 350 V 
Olt 4700 
600V IW 
00 | 1000 
-18V  -2v : +275V- -I8V_ -2V +195V. | +135V 


Diagram of sync separator section. The video output is connected 
to the sync input. The input signal consists of sync pulses and 
picture signal. The picture signal is eliminated in the sync section. 
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The output sync pulses are fed into the vertical and horizontal 
oscillator circuits. 
SYNC TROUBLES 
Typical Symptoms 
1. Failure of the sync separator section will cause the picture to 
roll vertically and go out of sync horizontally. 
2. When only vertical sync is poor, check between the sync 
output and the vertical oscillator. 


3. When only horizontal sync is poor, check between the sync 
output and the horizontal oscillator. , 
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Vertical blanking and sync signal in a normal receiver. This photo 
should be studied carefully. It was made with the vertical hold 
control adjusted to show the vertical blanking and sync, with line 
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arity stretched out to show the scanning-line structure, and with 
contrast and brightness adjusted to make the vertical sync just 
black, so the blanking appears grey. 


The photo shows the six lines of leading and trailing equalizing 
pulses (short black sections), and the six long lines of vertical sync 
which are broken near the center by equalizing pulses. 


In case of sync trouble, it is good practice to inspect the vertical 
sync and blanking signals on the kinescope. If they appear normal, 
it is assurance that the trouble is not due to rf-if-video response. 


As can be observed in the photograph, the vertical blanking 
should be as dark as the darkest elements in the picture, and the 
vertical sync should be much darker than the blanking. 


V-4 and V-6 show how poor low-frequency response in the video 
amplifier makes the vertical blanking lighter than the darkest pic- 
ture elements. In this case it is necessary to increase the contrast 
higher than normal to blank out the return lines. Refer to S-1 for 
schematic. 











N 


a ) Horizontal blanking and sync signal in a normal receiver. Occa- 
. sionally for servicing and frequently for instructional purposes, it 
is desirable to inspect horizontal blanking and sync. 


4 
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This photograph was made with the phase shifted horizontally to 
show horizontal blanking and sync, and with brightness and con- 
trast adjusted to make the sync just black so that the: blanking 
appears grey. 


The portion of blanking at the left of sync is the “front porch.” 
The duration of each horizontal blanking pulse is about 10 micro- 
seconds. The duration of each horizontal sync pulse is about 5 
microseconds. | ; 


The horizontal blanking should be as dark as the darkest elements 
in the picture, and the horizontal sync should be much darker than 
horizontal blanking. Refer to S-1 for schematic. 
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Horizontal and vertical sync and blanking signal on a normal re- 


ceiver. This photograph shows both horizontal and vertical sync ea) 
and blanking. Study it in conjunction with S-2 and S-3. Refer to 67 
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5-1 for schematic. 


eg 











ACA Television PICT-©-GUIDE . 





Insufficient sync amplitude caused by poor low-frequency response 


due to incorrect alignment of the picture-if amplifier. Read S-5, 
S-5a, S5-b. 
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LOCALIZING SYNC TROUBLES 


Sync troubles can be localized quickly and definitely if the follow- 
ing points are clearly understood: 


a 


Sync signals, along with blanking and picture signals, pass 
through the rf, if, and video amplifiers and are fed into the 
kinescope grid. Note that it is not picture signals alone, but 
the combination of sync, blanking, and picture signals that are 
impressed'‘on the kinescope grid. 


. The most important requirement for sync signals is not the 


waveform, nor the duration, nor the rise time, but it is the 
fact that the sync must be definitely greater in amplitude than 
the blanking and picture signals. 


. By inspecting the sync as it appears on the kinescope, it is 


easy to determine whether the sync is sufficiently stronger than 
the blanking and picture signals. 


. In order to judge the strength of sync signals as seen on the 
kinescope, it is necessary to reduce the contrast and increase _ 


the brightness until the sync is ‘“‘just black”. The correct adjust- 
ment is at that point where a trifle less contrast or a trifle 
more brightness changes the sync from black to dark grey. 


With contrast and brightness adjusted so that sync is just 








Sync is completely wiped out due to trouble 
Read S-5, S-5a, S-5b. 





in the video amplifier. 
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black, the blanking and the darkest elements in the picture 
should be grey. The exact shade of grey is normally slightly 
darker than shown in S-2, which should be studied carefully. 


. With controls adjusted so the sync is just black, under normal 


signal conditions the correlation between brightness and rela- 
tive signal amplitude is as follows: 


PCR Ae as he te cia ans 100% signal voltage 

Srey ee Pare ie ae oc 75% signal voltage 
Darkest elements in picture........ 65 to 75% signal voltage 
White picture élements............. 0 signal voltage 


(Actually, zero signal voltage may represent 10 to 15% ampli- 
tude from the transmitter.) 

Note that the sync amplitude is 33% higher than the blanking 
and the darkest picture signals. 


. The combined sync, blanking, and picture signal is coupled 


from the video amplifier into a sync amplifier-separator cir- 
cuit, which is designed to pass the high-amplitude sync and to 
prevent passage of the lower-amplitude blanking and picture 
signals. 

The output of the sync amplifier-separator circuit normally . 
consists of sync signals only. The sync output is coupled into 
the vertical and horizontal oscillator circuits to keep them in 
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Some stations occasionally use non-standard sync. In this example 


the equalizing pulses are shorter than normal duration. Read S-5, 
S-5a, S-5b. 
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step, or in sync, with the station. 


. If for any reason the sync is not considerably stronger or higher 


in amplitude than the blanking and picture signals, the sync 
amplifier-separator circuit can not function properly. In this 
case the sync action is unstable or completely ineffective. 


. The principal components of sync signals, both horizontal and 


vertical, represent relatively low frequencies. To retain the cor- 
rect amplitude of sync with respect to higher-frequency picture 
signals, it is essential to have good response for low-frequency 
modulation in the rf, if, and video ampliers. 


In R-5 to R-5h it is shown that when the picture carrier is 
excessively low on the slope of the over-all rf-if response curve, 
the gain for low-frequency modulating signals is extremely 
poor. This condition reduces the relative amplitude of the sync 
signals, with resulting difficulty in holding sync. An example 
of this condition is shown in the photograph on S-5 which was 
taken with contrast and brightness adjusted so that sync is 
just black. Note particularly that the darkest elements in the 
picture (test pattern in this case) are as strong or black as the 
sync. Compare S-5 and §-2. The latter shows the correct 
amplitude of sync with respect to the amplitude of the blanking 
and the darkest elements in the picture. When the photograph 
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11. 





on S-5 was made the picture-if amplifier was mis-aligned so 
that the picture carrier fell at about 10%, instead of the normal 
50%, up the slope of the over-all rf-if response curve. Mis- 
alignment was accomplished simply by detuning the adjacent- 
channel sound trap from the normal frequency of 27.25 Mc to 
26 Mc. 


Inspect the photograph on S-5a. Note that there is absolutely 
no trace of vertical sync. A check for presence of horizontal 
sync would reveal that it too is completely missing. The com- 
plete absence of sync made it difficult to hold the picture sta- 
tionary while the photograph was made. 


What happened to the sync? It was wiped out, or brought 
down to the blanking level, by limiting action in the video 
amplifier. Incorrect bias on either of the video stages can pro- 
duce this result. The actual trouble was an open 120-yh peak- 
ing coil in the 2nd video amplifier (refer to V-1) which has 
the effect of inserting the 22,000-ohm damping resistor in 
series with the normal plate load. This upsets the voltages on 
the tube and also reduces the signal input to the kinescope, 
necessitating higher-than-normal signal input to the video 
amplifier. The combined result produced limiting action or 


clipping of the sync, reducing its amplitude in this case to the 
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same level as the blanking. 


12. Now we come to the practical application of this information: | 


(a) When a receiver has sync trouble (horizontal, vertical, 
or both), the first step is to check the relative amplitude of 
sync. If the picture is completely out of sync, vertically and 
horizontally, it is necessary to “‘free-wheel” the hold controls so 
the picture is as stationary as possible. Even if the picture can 
not be held stationary, it requires only a quick glance to deter- 
mine whether the relative amplitude of the sync is normal. 


(b) To inspect sync, it is necessary to adjust the contrast and 
brightness controls as specified in paragraph 4. It is necessary 
also to bring the vertical sync and blanking into view on the 
kinescope by adjustment of the vertical hold control. 


(c) If the sync appears normal, and both the blanking and the 
darkest picture elements are considerably lighter than the sync, 
as shown in S-2, it is a definite indication that the sync trouble 
is not due to alignment or other trouble in the rf-if or video 
amplifiers. It can then be assumed that the trouble is in the 
sync amplifier-separator circuit, or in the circuits ahead of the 
vertical or horizontal oscillator. 


(d) If the sync does not appear normal on the kinescope, for 
example if it appears as shown in S-5 where the sync is not 
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stronger in amplitude than the darkest picture elements, or if 
it is missing as shown in S-5a, it is a definite indication that the 
sync trouble is due to alignment or other defect in the rf, if, or 
video amplifiers. 


(e) If it is decided that the trouble is probably in the rf, if, or 


video amplifiers, the best procedure when working away from 
the shop is first to check the tubes, components, and voltages, 
particularly bias voltages, in the video amplifier. If this does 
not reveal the trouble, the set should be brought to the shop 
for check on rf-if alignment. 


If it is decided that the trouble is probably occurring after the 
video amplifier, check the tubes, components, and voltages in 
the sync amplifier-separator and in any circuits ahead of the 
vertical or horizontal oscillators. 


In checking the relative amplitude of sync it is fae satis- 
factory to inspect only the vertical sync, which is easily 
brought into view by adjusting the vertical hold control. The 
duration of equalizing pulses in vertical sync is actually shorter 
than the duration of horizontal sync. Vertical sync, therefore, 
provides all the information that is required for our purpose, 
except in rare cases where the station is transmitting faulty 
horizontal sync. 
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14. It is advisable to make a habit of inspecting the vertical sync 


15, 


at every opportunity, noting the relative amplitude and appear- 
ance on each station, on local and network programs, and on 
various makes of receivers. This will provide definite knowledge 
of normal variations. 

Sync that is somewhat different from that shown in S-2 may 
provide satisfactory hold and interlacing. For example, the short 
equalizing pulses shown in S-5b have no noticeable adverse 
effect on sync operation. 


Study all of the other subjects in the Pict-O-Guide, particu- 
larly alignment, blanking, and interlacing, because practically 
every section in a television receiver has some real or apparent 
effect on sync action. 


As a brief summary on the localization of sync troubles, re- 
member that the sync signals must pass through the rf-if ampli- 
fiers, the video amplifier, and the sync amplifier-separator be- 
fore arriving at their real destination which is the input circuits 
to the vertical and horizontal oscillators. The kinescope pro- 
vides a convenient and faithful monitor at the half-way point in 
this chain of amplifiers. By learning to interpret the amplitude 
and quality of sync signals as they appear on the kinescope, 
it is possible to tell immediately whether faulty sync is due to 
trouble ahead of the kinescope or beyond it. 
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With contrast and brightness adjusted correctly, there is no evi- © 





dence of blanking signals at the top, bottom, left, or right. Vertical 
return lines are blanked out. See S-6a. Read S-6 to S-6h. 
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ANALYSIS OF BLANKING TROUBLES 


The electron beam in the kinescope is deflected horizontally from 
left to right and returned quickly to the left. This action is repeated 
15,750 times each second. On each return trip (horizontal fly-back) 
the beam must be cut off, or blanked out, in order to prevent it 
from being visible on the picture. 


Horizontal Blanking 


Blanking of the beam during the horizontal fly-back time is ac- 
complished by means of horizontal blanking signals that are sent 
out by the TV station. With correct horizontal phasing, which is 
discussed later, each horizontal blanking signal starts shortly be- 
fore the beam has reached the right-hand limit of its travel. The 
horizontal blanking signal continues during the time that the beam 
is returning to the left-hand edge. The blanking signal does not 
cease until after the beam has started back toward the right and 
has traveled a short distance in this direction. 


When the horizontal blanking signal ceases, the normal picture 


signals begin and they continue until the start of the next hori- 


zontal blanking signal. 


It requires 63.5 microseconds (millionths of a second) for the beam 
to make one complete trip from left to right and back to the left. 


, 





Blanking signals become visible at the top, bottom, left, and right 
when contrast and brightness are adjusted to make sync just black. 
Compare with S-6. Read S-6 to S-6h. 
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Each horizontal blanking signal lasts for approximately 16% of 


this time, or 10.2 microseconds. The beam must be returned from 
right to left in less than 10.2 microseconds. The actual time re- 
quired for horizontal fly-back depends on the design of the receiver. 
Assuming that the horizontal fly-back time in a particular receiver 
is 7 microseconds, the remainder (3.2 microseconds) of the blanking 
signal occurs at the left- and right-hand edges of the picture. If 
horizontal phasing is correct, there will be in this example 1.6 
microseconds of blanking signal that can be made visible on the 
left- and right-hand sides of the picture. 


Vertical Blanking 


Vertical blanking is similar to horizontal blanking in purpose and 
principle, but the time factors are much longer. 


The beam is deflected horizontally 525 times in 1/30 second, or 
262.5 times in 1/60 second. During 1/60 second, the beam is also 
slowly deflected from top to bottom and brought back rapidly to 
the top. On each return trip (vertical fly-back) from bottom to 
top, the beam must be cut off, or blanked out, to prevent it from 
showing up in the picture. Vertical blanking is accomplished by 
means of vertical blanking signals that are sent out by the TV 
station. 


’ 
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Unblanked horizontal return lines produce visible effects in picture 


as shown by streaks across black area in this enlarged section. of 
photograph on HO-2. Read S-6 to S-6h. 
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Each vertical blanking signal starts shortly before the beam reaches 
the bottom. Vertical blanking continues while the beam is return- 
ing to the top, and does not cease until the beam has again started 
toward the bottom and has traveled a short distance in this 
direction. 


The vertical blanking signal lasts for approximately 6.5% of the 
vertical deflection time. It therefore blanks out 6.5%, or about 35 
of the 525 total horizontal lines, leaving only 490 active or useable 
lines for picture information. 


Interlacing requires two vertical deflections, or fields, for one com- 
plete picture of 525 lines. Each vertical blanking signal blanks out 
17 horizontal lines. The beam must be returned from the bottom to 
the top in less than the equivalent time of 17 horizontal lines. The 
actual time required for vertical fly-back depends on the design of 
the receiver and it varies in different designs. 


Assuming that the vertical fly-back time is equivalent to three 
horizontal lines, or a total of six per complete picture, there will be 
(in this example) 35 minus 6, or 29 blanked-out horizontal lines, 
some at the bottom and some at the top. These may be distributed 


in the ratio of about one-third at the bottom and two-thirds at top. 


If the vertical oscillator triggers early, there will be fewer lines at 
the bottom, and more at top. 


a 








Normal amount of horizontal blanking signal shown at righthand 
side of picture. S-6d shows how this blanking is decreased by a defec- 
tive component in the sync amplifier-separator. Read S-6 to S-6h. 
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Blanking Consideration 


To gain a thorough understanding of vertical and horizontal blank- 
ing, it is advisable for the reader to have an operating television 
chassis and kinescope in front of him and to duplicate some or all 
of the following observations: 


1. When the contrast and brightness controls are correctly ad- 
justed, the blanking signals appear black on the kinescope, and 
it is not possible to discern the blanked-out vertical lines at the 
top and bottom, nor the blanked-out portions of the horizontal 
lines at the left- and right-hand edges of the picture. In the 
photograph on S-6, the contrast and brightness were adjusted 
so that the blanking signals are black, hence none of the blank- 
ing signals show up at the edges of the picture. 


2. In order to observe the blanking signals, it is necessary to 
reduce the contrast and increase the brightness until the sync 
signals are dark grey. At this setting of the controls, the blank- 
ing signals and the darkest picture signals will appear as lighter 
grey. It is necessary also to reduce the picture width, and pos- 
sibly the height, in order to bring the blanking signals at the 
top, bottom, left, and right into view. In many receivers it may 
not be possible to reduce the width sufficiently with the hori- 
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Horizontal blanking on right-hand side is reduced by an open 270- 
ppf Capacitor from plate to chassis on first sync amplifier. Compare 
with S-6c. Refer to S-1 for schematic. Read S-6 to S-6h. 
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zontal width and drive controls. In this case the horizontal 
centering control or the focusing coil can be used to shift the 
picture to the left or right and thus brings the blanking signals 
on either side into view. This method is not very convenient 
because it is frequently desirable to observe the blanking on 
both left- and right-hand sides at the same time. 


. Photograph S-6a was made with the contrast and brightness 


adjusted so that the sync is black. (Remember that we recom- 
mended adjusting these controls so the sync is dark grey.) In 
this photograph it is possible to see evidence of blanking signals 
at the top, bottom, left and right, and also the vertical fly-back 
or return lines which slope upward across the picture from 
left to right. (The rounded corners show where the pattern ex- 
tended beyond the kinescope screen.) 


Owing to the low-contrast of the subject, this photograph fails 


to show that there actually are considerably more blanking 
lines at the top of the picture. 


. One of the first points to observe is that blanking reduces the 


visible size of the raster because the blanking signals black out 
several lines at the top and bottom, and also black out a short 
length of each horizontal line at the left- and right-hand edges. 
The difference in size can be observed by tuning in a station 


a 








The vertical blanking shown here is not as black as the darkest 
picture elements, indicating loss of low-frequency response, and 
making it impossible to blank out the vertical return lines. Pro- 
duced by a low-value coupling capacitor between lst and 2nd 
video stages (0.0005 yf in place of 0.05 yf). Read S-6 to S-6h. Refer 
to V-1 for schematic. 
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for a normal picture and then reducing the contrast so the 
picture becomes faint, increasing the brightness slightly if 
necessary so that the raster remains in view on the kinescope. 
This check does not show the exact difference in size, with and 
without a picture, because adjustment of the contrast and 
brightness controls also affects the size. 


The change in size due to blanking is one reason why it is not — 
practical to adjust width and height accurately with the raster 
alone. It is necessary to have a picture on the raster when ad- 
justing the height and width to fit a mask opening in a cabinet. 


5. With contrast and brightness adjusted so that the blanking 


signals and vertical return lines are visible, slowly and carefully 


_ adjust the vertical hold control over the narrow range in which 


the picture stays in vertical sync. As the control is turned, it 
can be seen that there is a change in the number of blanking 
lines at the bottom and a corresponding but opposite change in 
the number of blanking lines at the top. The beam may start 
upward on a line that contains a leading equalizing pulse, on a 
line that contains vertical sync, on a line that contains a trail- 
ing equalizing pulse, or on a plain vertical blanking line. Note 
that the sloping return lines show the corresponding informa- 
tion. 
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Enlarged section of photograph on S-2 showing vertical equalizing 
( pulses and a portion of vertical blanking and sync. The lighter 
grey lines above the top equalizing pulse are part of the test-pattern 





border. Read S-6 to S-6h. 
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The fact that about half of the vertical blanking lines contain 
either equalizing pulses or vertical sync is the reason why some 
of the vertical return lines may have a short dark section near 


_ the center, and some may have a short bright section near the 


center and at the right-hand side. The dark section is an 
equalizing pulse. The bright sections correspond to the breaks 
at the center and at the right in the lines of vertical sync. Under 
certain adjustments of contrast and brightness it frequently 
happens that only the short bright sections of these lines are 
visible on the kinescope. A uniform return line, not broken by 
a dark or bright section, is a plain vertical blanking line that 
does not contain any vertical sync. 


These effects are shown in several of the photographs. For 
example in S-6a, the three vertical return lines in the upper half 
of the picture are each broken by a short blank section, which 
is a trailing equalizing pulse. The two vertical return lines in 
the bottom half of the picture have bright sections near the 
center and at the right-hand sides which are the breaks near 
the center and on the right-hand side of the vertical sync lines. 
The break at the center of the lines of vertical sync is clearly 
shown in S-2. The break at the right-hand end of vertical sync 
is shown clearly in S-4. 
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HORIZ. BLANKING 


Enlarged section of a photograph showing a portion of horizontal 
sync, horizontal blanking, and lines of vertical blanking at top of 
picture. The lighter grey section on each side of horizontal blank- 
ing is part of the test-pattern border. When this photograph was 
made, vertical linearity was spread out to show the scanning line 
structure. Contrast and brightness were adjusted to make the hori- 
zontal sync just black. Read S-6 to S-6h. 











6. With contrast and brightness adjusted for normal operation so 


that the vertical return lines are blanked out, adjust the verti- 
cal hold control so the picture rolls slowly downward out of 
sync. Note that when sync is lost, the vertical return lines im- 
mediately become visible because the vertical blanking signals 
are not occurring during the time that the beam is being re- 
turned from the bottom to the top. Careful observation will 
reveal that when the picture is out of vertical sync, the vertical 
return lines are picture lines and contain picture information. 
In order to observe the picture information it is necessary to 
hold the picture as stationary as possible with the vertical hold 
control while vertical blanking and sync are in view as shown 
in S-2._ 


. Adjust contrast and brightness so the sync is dark grey. Ob- 


serve horizontal blanking at the left- and right-hand edges of 
the picture. A small amount of horizontal sync may be seen at 
the right-hand edge. The sync, of course, is darker than the 
blanking. Normally it is desirable to have approximately equal 
amounts of blanking on both sides. The blanking on the right 
includes any horizontal sync that is present on this side. 


Turn the horizontal hold control within its normal holding 
range, and note that the picture shifts to the left or right with 
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HORIZ. BLANKING 


Enlarged section of photograph on S-4, showing portion of hori- 
q zontal and vertical blanking and sync. Linearity is normal. Con- 


trast and brightness were adjusted to make the sync just black. 
Read S-6 to S-6h. 
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respect to the complete raster, which remains stationary. As the 
picture shifts, the amount of blanking on the right decreases, 
and the amount on the left increases, or vice versa. In some 
receivers it may be possible, by adjusting the horizontal hold 
control, to make the horizontal lines start back toward the left 
before the right-hand side of the picture is completed. In this 
case there will be no blanking on the right-hand side, and twice 
the normal amount of blanking on the left. The same thing 
can be made to occur on the left-hand side of the picture. 


8. This condition can be carried further in receivers that have a 


horizontal phasing control. The RCA Model 630-TS, and 
many other receivers that employ this RCA horizontal AFC 
circuit, have a phasing adjustment on the inside end of the 
horizontal oscillator transformer. Adjustment of the phasing 
control serves to advance or retard the horizontal sync action, 
and, correspondingly, to advance or retard the horizontal saw- 
tooth current through the deflection coils. By adjusting the 
phasing control, it is possible to shift horizontal blanking and 
sync into the normal picture area as shown in HO-2 and S-3. 


. Within each horizontal deflection period, the beam should be 


blanked out for the complete time that is required for it to 


return from the right-hand to the left-hand edge. If there is any 
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amount of blanking on both the left- and right-hand edges, it is 
definite assurance that the horizontal return lines are blanked 
out. If there is no blanking signal on the left edge, or none on 
the right edge, it means that a portion of each horizontal return 
line is not blanked out. Such unblanked portions of the hori- 
zontal return lines carry picture information which may show 
up faintly in the picture and cause complaints. The complaints 
are generally vague because it is difficult to describe the effect. 
The technician should learn to recognize this trouble, which 
can be observed as follows: 


Tune in a TV station, preferably a fixed scene, or a test pattern. 
Adjust the contrast and brightness controls for normal contrast. 
Adjust horizontal phasing so that the picture is cropped off 
about ™% inch inside the normal right-hand end of the picture. 
Watch the right-hand half of the picture while rocking the 
phasing adjustment slightly and repeatedly. Note that faint and 
indefinite forms move horizontally and swiftly in the picture. 
The forms are faint and indefinite because the beam is returned 
from right to left at about seven times the speed of passage 
from left to right. This high speed makes the effect of the beam 
much fainter and also stretches out any picture signals present 


-on the return lines to about seven times their normal hori- 


zontal length, causing the form to be indefinite, but recogniz- 
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able when the effect is thoroughly understood. With a different ( 
setting of the horizontal phasing adjustment, the same effect 
can be produced in the left-hand side of the picture. 


If phasing is adjusted to bring the complete horizontal blank- 

ing and sync signals into view on the normal picture area, the 

effect of the picture signals on the unblanked horizontal return 

lines can be seen over the entire picture area. The effect is most 
evident in a combination of dark areas on the picture and light ( | 
areas on the return lines, as shown in S-6b which is an enlarged 
section of the photograph on HO-2. The effect can be discerned 
faintly in HO-2. It is also evident in S-3 and HO-4. The effect 

is most objectionable in action scenes, particularly high- 
contrast scenes such as a boxing or wrestling bout. When a per- 

son moves off the scene on one side, the signals that represent 

the person move very rapidly across the kinescope in the oppo- ( 
site direction. This effect, incidentally, is a positive indication 

that the horizontal return lines are not blanked out. 


10. When this trouble is present and must be corrected, first inspect 
the left- and right-hand edges of the picture, with contrast and 
brightness adjusted to make the vertical sync dark grey. If the 
trouble is due to unblanked horizontal return lines, there should ( 
not be any horizontal blanking signals on one side of the . 


Lt 


picture. 


The remedy in this case is to turn the horizontal phasing 
adjustment until there are approximately equal amounts of 
horizontal blanking on both sides. The actual amount of blank- 
ing on a 10” kinescope may be % to % inches on each side. 
Before adjusting the phasing, set the horizontal hold control at 
the midpoint of its holding range. Again we point out that 
horizontal sync is to be considered as part of blanking. For 
example, an equal division of blanking on both sides may con- 
sist of % inch of blanking on the left, and % inch of blanking 
plus % inch of sync on the right side. 


In receivers that do not have any form of adjustable horizontal 
phasing, the procedure may be more involved. The first step 
always is to determine whether adjustment of the horizontal 
hold control, within its normal hold range, will correct the 
trouble. If not, it is advisable to check the sync circuits from 
the video amplifier through the sync amplifier-separator and 
into the horizontal oscillator circuit. Check tubes, components, 
and voltages in these circuits. This type of trouble indicates 
that the time required for the horizontal sync pulses to pass 
from the video amplifier to the horizontal oscillator and to 
trigger the oscillator is not correct. 
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An example of a slight shift in horizontal sync phasing due to 
a defective component in the sync amplifier-separator is illus- 
trated in S-6c and S-6d. In S-6c, the amount of blanking signal 
on the right-hand side of the picture is approximately normal 
in the particular set. S-6d was photographed under exactly the 
same conditions except that we removed the 270-ypf capacitor 
which is connected from the plate of the lst sync amplifier 
(shown in S-1) to chassis. When this capacitor is open, the 
horizontal sync pulses take a little less time to build up on the 
plate. The reduction in time shifts the horizontal sync phase 
slightly, resulting in slightly less blanking signal on the right- 
hand side as shown in S-6d. 


12. Now we come to the subject of vertical blanking troubles. 


When the vertical return lines cannot be blanked out with nor- 
mal adjustments of contrast and brightness, the trouble is most 
likely due to one of the following points: 


(a) Poor low-frequency response in the video amplifier, as 
shown in V-2, V-4, V-6. 


(b) Poor low-frequency response in the rf-if amplifiers, prob- 
ably caused by having the picture carrier too low on the 


slope of the over-all rf-if response curve as explained in 
R-5 to R-5h. 








(c) The particular TV station may not keep the blanking 
amplitude slightly higher than the level of black picture 
elements. Only a few stations have had this trouble. 


When the vertical return lines cannot be blanked out, except pos- 
sibly by running the contrast much higher than desired, .the first 
step is to inspect the vertical blanking signal. To do this, bring the 
vertical blanking and sync into view by adjusting the vertical hold 
control until the picture rolls slowly downward. Hold the blanking 
and sync in view by careful adjustment of the hold control. Reduce 
the contrast and increase the brightness until the sync is just black, 
or dark grey. | 


Compare the strength (blackness) of the blanking and the strength 
of the darkest picture elements. The blanking should be slightly 
darker than the darkest picture elements, as shown in S-5b. If the 
blanking is lighter than the darkest picture elements, as shown in 
S-6e, check the video amplifier and also the rf-if response. 


Effect of Frequency Response on Blanking 


With normal low-frequency response in present television receivers, 
there is no difficulty in blanking out the vertical return lines by 
normal adjustment of contrast and brightness. One exception, as 
mentioned previously, is in the few cases where a particular station 
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may be running blanking amplitude at the same level as black 
picture elements. In at least one make of receiver, auxiliary blank- 
ing pulses are provided to ensure ia eh: a blanking of the vertical 
return lines. 


While good low-frequency response is very important for good ver- 
tical blanking, it is very rarely a factor in blanking of the horizontal 
return lines. Even without horizontal blanking signals, the horizon- 
tal return lines are dim due to their speed, which is about seven 
times the speed at which the regular horizontal scanning lines are 
drawn. In addition, each horizontal blanking pulse is equivalent to 
a half cycle of a 50-kc square-wave signal which is not greatly 
affected by poor response either at very low frequencies or at very 
high frequencies. It takes only a small amount of horizontal blank- 
ing signal to blank out the horizontal return lines which are already 
quite dim due to the speed at which they are drawn. 


Sync Phasing 


The subject of sync phasing is important in horizontal deflection 
because a very large portion of the horizontal blanking time is 
required for the beam to return from right to left. On the other 
hand, phasing is very rarely important in vertical deflection because 
only a very small portion of the vertical blanking time is required, 


in well-designed receivers, for the beam to return from the bottom 
to the top. 


One question frequently asked is why the beam is not returned 


from bottom to top as a single line. It might be possible, but hardly — 


feasible, to move the beam from the bottom to the top in a few 
microseconds, in which case the vertical return would consist of 
only one line. In actual practice it requires a minimum time of 
roughly 300 microseconds for the slow-speed vertical deflection cir- 
cuits to bring the beam back from the bottom to the top. During 
this time horizontal deflection is going through five complete cycles, 
which deflects the beam horizontally five times while it is traveling 
from bottom to top. The vertical return therefore appears as several 
diagonal lines as shown in VO-8a. 
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INTRODUCTION 
Volume Il 


The ability to understand, analyze, and properly interpret irregu- 
larities in TV test patterns as observed on the kinescope is of great 
value to the television service technician. 


Trouble shooting by picture analysis speeds up each job. 
Problems are localized in minutes. 

More time is left to do a thorough, professional service job. 
More jobs can be turned out. 


The RCA PICT-O-GUIDE is designed to give you real practical 
help in trouble shooting ALL TV RECEIVERS. The reception 
accorded VOLUME I is deeply appreciated. The greatly increased 
size of VOLUME II permits a comprehensive treatment (with both 
text and pictures) of many important servicing problems. It is our 
desire that this new volume will bear out the promise of the first, 
and provide you with an increasing mastery of today’s television 
servicing problems. 


Mr. John R. Meagher’s extensive experience in television servicing 
has contributed greatly to the usefulness of the material in this 





volume. The text has been written expressly to help the television 
service technician increase his proficiency...and thus his profit. 


Volume II is planned to be used in combination with Volume I. Both 
volumes have the major purpose of helping the Television Tech- 
nician to identify the particular section of the television receiver 
causing trouble. Once the fault is localized, standard test equipment 
should be used to isolate the defective component or components, 
and to align the circuits. 


All photos are unretouched — as taken from the face of the picture 
tube of the RCA Television Dynamic Demonstrator. The circuit 
used is similar to that of the RCA model 630TS. In most cases, the 
photographs were taken with the controls set for normal operating 
conditions. In some cases, however, it was necessary to readjust 
the brightness and contrast controls to obtain satisfactory photo- 
graphs. 


Each RCA Television PICT-O-GUIDE card is coded by a letter 
or letters, a number, and in some cases by. a suffix letter. The first 
letter code indicates the section of the receiver in which the trouble 
occurs, or the kind of trouble. The number after the letter differenti- 
ates between cards in the same letter group. The suffix letter, where 
used, further differentiates between cards in the same letter-number 
group. 
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Station Troubles. Poor picture quality on one channel only. Even 
the best television stations occasionally have trouble with picture 
quality, sync, interference, and sound. 
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It is definitely a good practice to check reception on other stations 
or on other receivers before tearing into a set. Violation of this 
simple rule causes more unnecessary headaches than any other 
item. 


This photograph shows poor picture quality on a remote pickup of 
a roller-skating rink on the first night it was telecast. On following 
nights the transmission quality was excellent. 


_ 
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TEST PATTERN ANALYSIS 


VERTICAL WEDGE, ADJUST FOCUS FOR HORIZ. WEDGE, TO 
TO CHECK HORIZ. BEST DEFINITION CHECK VERTICAL 
RESOLUTION HERE RESOLUTION 
















SHADING BLOCKS 
TO CHECK 
ADJUSTMENT 
OF CONTRAST 
& BRIGHTNESS 


TO CHECK 
LINEARITY 





WEDGE POOR INTERLACE 
CALIBRATION SHOWS MOIRE 
DOTS EFFECT HERE 


Test pattern of WNBT, the NBC television station in New York. 
This is a photograph of the actual drawing; not as it is reproduced 
on a TV set. Refer to reverse side, and read all pages in this series. 
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Calibration of the wedges in.the WNBT test pattern is shown on 
this page. The horizontal wedges indicate vertical resolution, which 
is expressed in terms of lines, and not in bandwidth. As an example, 
if the separate lines in the horizontal wedge of the WNBT pattern 
can be distinguished to the point marked “325”, the vertical resolu- 
tion is 325 lines. 

The vertical wedges indicate horizontal resolution, which is ex- 
pressed in lines or bandwidth or both. For service purposes, band- 
width is preferable. As an example, if the separate lines in the ver- 
tical wedge of the WNBT pattern can be distinguished to the point 
marked “3.5”, the horizontal resolution expressed in bandwidth is 
3.5 megacycles. 

To convert horizontal resolution in lines to bandwidth in Mc, 
divide by 80. Conversely, multiply the bandwidth by 80 to get the 
equivalent number of lines. 








Bandwidth in Equivalent Horizontal 

Megacycles Resolution in Lines | 
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The calibration of the wedges in the Indian-head pattern is indi-— 
cated by breaks in the center line of each wedge, and by the adjoin- 
ing numbers, to which a zero must be added. The wedges at the 
center of the pattern range from 150 to 500 lines. The wedges in 
the corners range from 150 to 400 lines. The concentric circles, 
marked “30”, represent 300-line resolution. 


The single resolution lines in the two vertical columns represent the 
width of a single line ranging from 50 to 575 lines. Considering the 
thick line marked 50, it would take 50 alternate black and white 
lines of this width to stretch across three-quarters of the full width 
of the pattern. It would take 575 alternate black and white lines 
of the width shown, for the single line marked 575, to fill three- 
quarters of the full width of the picture. These single lines are 
intended to show “ringing” at the frequencies from about 0.6 to 
7 mac. 


The thick horizontal lines, at bottom center, represent half-cycles 
of square-wave signals ranging from about 19 kc to 0.6 Mc. These 
lines are used for checking low-frequency phase shift by analyzing 
the intensity, duration, and polarity of leading and trailing smears 
or streaks. 

The wedges in the Indian-head pattern extend to 500 lines, which, 
in horizontal resolution, is equivalent to approximately 6.2 Mc. 


Continued on Page 128 
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Normal test pattern of WFIL- TV, oe from the kine- 
scope of the RCA Television Dynamic Demonstrator, as are all S 
other photographs in the RCA Pict-O-Guide. 
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Continued from Page 126 


This high upper limit is used to permit checking video equipment 
in the transmitter, which may have a response up to 6 Mc or 
higher. In television receivers, where the over-all bandwidth must 
necessarily be slightly less than the 4.5-Mc spacing between the 
picture and sound carriers, the upper limit of horizontal resolution 
is about 340 lines, or 4.25 Mc. 


The concentric circles, diagonal lines, and horizontal wedges, all | 
permit check on interlacing. 


The shading wedges permit correct adjustment of contrast. 


SIGNIFICANCE OF THE TEST PATTERN 
The Resolution Wedges 


It is important to understand that the wedges in the transmitted test patterns 
are much more than a collection of black and white lines. They actually 
represent video signals ranging from about 30,000 to 4,000,000 cycles per 
second. 

These video signals are generated in the camera tube and are used to ampli- 
tude-modulate the station’s carrier. The transmitted video signals are square- 
wave at the lower frequencies, and essentially sine-wave at the higher frequencies. 


The following simple analogy may help in understanding how the wedges are 
utilized at the transmitter in producing this wide range of video signals: 
When a boy runs a stick across a picket fence, he generates a noise, or an 
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Fig. 1—Analogy to 
vertical wedge in test 
pattern. 


10 CYCLES/SEC. 
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audible signal. The frequency of the signal depends on the speed of the stick 
and the number of pickets in a given distance. ( 


Suppose the boy had a V-shaped trellis with 5 pickets, as shown in Figure 1. 
As he draws the stick across the pickets, the motion at the tip of the stick 
resembles a series of square waves. If the stick is drawn across at the top in one 
second, it traces 5 square waves in one second, or a frequency of 5 cycles per 
second. 


If the stick is drawn at the same speed across the bottom of the trellis, which 
is half the width of the top, it traces 5 square waves in 14 second. This is a ( 
rate of 10 cycles per second, double the previous frequency. 


bet 5 MICROSEC. inne 
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4 MEGACYCLES 
ELECTRON BEAM 


Fig. 2—Video signals are generated when electron beam in camera scans the wedée. 


In an analogous manner, as shown in Figure 2, the camera tube at the TV trans- a 
mitter produces an electrical square-wave signal as the electron beam in the 
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camera tube is drawn across the image of the vertical wedge. But in this case 


the frequency is very high because the beam crosses the wedge in a few millionths 
of a second. 

In this particular example, there are 10 black and 10 white lines in the 
wedge, equivalent to 10 cycles. (For simplicity, there is assumed to be a 
white line at the right-hand side of the wedge.) 

At the top of the wedge, the beam crosses the 10 cycles in 5 millionths of 
a second, or 5 microseconds: In one miscrosecond, the beam crosses 2 cycles. 
This is equivalent to a rate of 2 million cycles per second, or 2 Mc. 

At the bottom of the wedge, which in this example is half the width of the 
top, the beam crosses the 10 cycles in 14 the time, or in 2.5 microseconds: In 
one miscrosecond, the beam crosses 4 cycles. This is equivalent to a rate of 4 
million cycles in one second, or 4 Mc. 

When the beam scans across other points along the wedge, the generated fre- 
quency is between 2 and 4 Mc. 


Resolution or Definition 


The words “resolution” and “definition” are commonly used interchangeably 
in rating the capability of the receiver to resolve, or define, or make clear, 
small details in the picture or test pattern. 

In a general sense, if a picture is sharp and clear, and shows small details we 
say that it has good resolution, or high resolution. If the picture is soft and 
blurred, and small details are indistinct, we say that it has poor resolution, or 
low resolution. 

Owing to the manner in which a television picture is “drawn”, the definition 
from top to bottom is generally different from the definition sideways. With 
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present TV standards the definition from top to bottom is somewhat better 
than from left to right. 


Consequently, in television we must distinguish between vertical and horizontal 
resolution, and accordingly we will treat each one separately. 


Vertical Resolution 


The vertical resolution, (the resolution from top to bottom of the picture) is 
expressed in the number of horizontal lines that can be resolved. Therefore, we 
use the horizontal wedges in the test pattern to determine vertical resolution. 


Vertical resolution depends primarily on the size of the kinescope spot. It does 
not depend on the high-frequency response or bandwidth of the receiver. 

There are approximately 490 usable horizontal scanning lines (525 minus 7% 
for vertical blanking). If the kinescope spot can be focused to a small enough 
size so that it can trace these 490 lines without overlapping, the maximum 


31 BLACK AND WHITE 
LINES IN WEDGE 


Fig. 3— Equivalent 

number of lines at 

wide end is 6 x 31 
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vertical resolution in 490 lines: actually, the effective resolution is considerably 
less than this and can be determined from the horizontal wedges. 


Figure 3 will help in explaining the calibration and use of the horizontal wedges 
in a test pattern. There are 31 alternate black and white lines in this particular 
wedge. The left-hand. edge of the wedge is 1/6th of the picture height. Con- 
sidering only the left-hand edge of the wedge, we could fit 6 x 31 or 186 lines 
in the space between the top and bottom of the picture. 


Considering only the right-hand edge of this same wedge, which is 1/12th of 
the picture height, we could fit 12 x 31 or 372 lines in the space between the 
top and bottom of the picture. 


Therefore the left-hand edge of the wedge represents 186 lines, and the right- 
hand edge represents 372 lines. 


Assume that when a test pattern with the wedge dimensions shown in Figure 
3 is reproduced on a particular TV receiver, the separate lines in the wedge 
become blurred or indistinct at a point where the wedge is 1/10th of the picture 
height. This is equivalent to 10 x 31 or 310 lines. So in this example we can 
state that the maximum vertical resolution is approximately 310 lines. 


The actual number of lines that are used in the wedge is entirely arbitrary. 
If all but one or two were erased, the calibration would be exactly the same. 


It should be noted that it is not customary to refer to frequency in regard to 
the horizontal wedges, or in regard to vertical resolution. However, as a point of 
interest, if the center line in the horizontal wedge extends for about %th of the 
complete time for one horizontal scanning line, it is equivalent to 1% cycle of a 
30-kc square-wave signal. The scanning lines cross the other lines in the 
horizontal wedge at various angles, equivalent to a maximum frequency of 
roughly one megacycle. The intensity or blackness of the horizontal wedge, 
compared to the vertical wedge, is therefore dependent on the low-frequency 


133 


134 


response of the receiver. If the low-frequency response is poor, the horizontal 
wedge may be grey when the vertical wedge is black. 


Horizontal Resolution 
The vertical wedges are used to determine horizontal resolution. 


Horizontal resolution depends on the high-frequency response or bandwidth 
of the receiver, and also on the size of the kinescope spot. 


Horizontal resolution is expressed in two ways:— 


1. Horizontal resolution in ‘‘number of lines” is based on the number of distinct 
black and white dots that can be produced by the kinescope beam in three- 
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number of lines at wide 
end is 6 x 31 or 186, 
and at narrow end 12 x 
Jl or 372: 
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quarters of the usable length of a horizontal scanning line. 


This length (3% of width) is selected because it equals the height of the picture 


and therefore gives a basis of direct comparison between horizontal and vertical 
resolution. 


In Figure 4, “L” equals three-quarters of the active or usable picture width. 
In this example, the wedge has 31 alternate black and white lines. The top 
end of the wedge is 1/6 of L. Therefore the equivalent number of lines at the 
top is 6 x 31 or 186. The bottom of the wedge is 1/12th of L, so the equivalent 
number of lines is 12 x 31 or 372. 


If this pattern is reproduced on a TV receiver, the separate lines in the vertical 
wedge might become blurred at the point where the wedge is 1/10th of the L. 
In this case, the maximum horizontal resolution is 10 x 31 or 310 lines. 


2. The horizontal resolution may be expressed in frequency. This is very desir- 
able in service work, because it indicates the effective bandwidth of the 
receiver. 


The explanation involves some simple arithmetic: 

The horizontal scanning frequency is 15,750 cycles per second. One complete 
horizontal line takes 1/15,750 seconds, or approximately 63.5 microseconds, 
(millionths of a second). The horizontal blanking time is 10.2 microseconds so 
the time for the usable portion of one horizontal scanning line is 63. 5 minus 
10.2, or 53.3 microseconds. 


The spot therefore requires 53.3 microseconds to travel from the left to the 
right edge of the picture, but in speaking of resolution, we are interested in 
three-quarters of the width, which is traveled in 3% x 53.3, or 40 microseconds. 


A video signal of one megacycle (Mc) produces one cycle in one miscrosecond. 


135 





136 


Each cycle has a negative half-cycle and a positive half-cycle, which when 
applied to the kinescope, produce a black dot and a white dot. Each cycle 
therefore produces two dots which we will consider as “lines’’. 


In 40 microseconds, a one-megacycle signal produces 40 cycles, or 80 lines: 2 
megacycles, 160 lines; 3 megacycles, 240 lines; 4 megacycles, 320 lines. 


Wedge Calibration 


In some test patterns, the wedges are not numbered but are marked by dots or 
other means at major steps. 


In cases where the pattern does not indicate: the number of lines, the informa- 
tion can usually be obtained from the TV station. 


The equivalent number of lines at any point on either the horizontal or vertical 
wedges may be computed: 


Multiply the number of black and white lines in the wedge, by the ratio of 
picture height to the width of the wedge, at the desired point on the wedge. 
Even under the best conditions this is only an approximation, owing to inac- 
curacy in measuring the width of the wedge on the kinescope, and ‘errors due 
to non-linearity. 


The receiver must first be adjusted for the best possible linearity, with the test 
pattern just filling the mask, with a mask of the correct size and 3 x 4 
proportions, and with contrast and focus set correctly. 


Practical Rating of Horizontal Resolution 


In most test patterns, the wedges are not marked by numbers to indicate the 
equivalent number of lines along the wedge. 
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However, in television service work it is satisfactory to rate the horizontal 
resolution on the simple basis of “how far down” it is possible to distinguish 
the separate lines in the vertical wedge. 


For instance, when the test pattern of the highest-definition station in the 
area is used, all receivers of a certain model may, when correctly aligned, 
resolve the lines in the vertical wedge ‘‘all the way down” to the narrow end of 
the wedge. 


If a particular receiver of the same model does not give equally good resolu- 
tion, it may need alignment, or other work. 


On a cheaper model of receiver, with less bandwidth but with the same size 
picture tube, the vertical wedge in the same test pattern may be clear ‘down to 
within 14-inch” of the narrow end of the wedge. 


This practical method of rating has already become rather widespread, but it is 
hoped that with increased knowledge of the subject, and possibly the standardi- 
zation of wedge limits and markings, it will become common to note the hori- 
zontal resolution in frequency, and the vertical resolution in “lines”. In fact, for 
TV receiver servicing it would be possible to omit the horizontal wedges and 
depend on the scanning lines structure as a check of vertical resolution. 


Precautions in Checking Horizontal Resolution 


When the vertical wedges on a test pattern are used to estimate the maximum 
horizontal resolution of a TV receiver, the following points must be remembered 
and considered: 


1. The size and shape of the kinescope spot has a definite bearing on the 
apparent resolution. 


2. Contrast and brightness must be set correctly, and not high enough to make 
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the spot “bloom”’. 


3. Reflections (echoes, ghosts) can reduce the apparent resolution of the 
receiver if they fall within the wedge. 

4. “Snow” on a weak signal will reduce the definition. On a very weak signal, 
the entire vertical wedge may be blurred and indistinct; on a strong signal the 
same set may show excellent resolution. 


5. A few TV stations use experimental or temporary equipment-producing signals 
of low definition. 


Low-Frequency Phase Shift 


Any horizontal line in the test pattern may be regarded as representing a half- 
cycle of a relatively low-frequency square wave. For example on a 10-inch 
receiver, a half-cycle of one-megacycle is approximately 1/16-inch long, and a 
half-cycle of 100 kc is 34-inch long. See Figure 5. 


Fig. 5—Relative width of 
half cycles of square-wave 
signals from 100 kc to 


WIDTH OF PICTURE ,OR 53.3 MICROSECONDS 
1.0 mc. 


1OMC = 5uSEC. = & 


SOOKC = [4 SEC. = 


L 
5 CYCLE OF 


250KC = 2u.SEC. = a 
lOOKC = 54SEC. = 








A square wave is composed of a fundamental and numerous harmonics of differ- 
ent amplitudes. For good reproduction all of these components must be ampli- 
fied equally and have the same time delay in passing through the receiver. 


Otherwise, the signal arriving at the kinescope will be a distorted square wave: 
It may have a dip before or behind (leading and trailing reversal), it may 
trail off very gradually instead of sharply. 


This trailing-off makes a long smear after horizontal lines. Incidentally, this 
accounts for “X-ray” effect, where a long horizontal molding or shelf can be 
“seen” right through a person standing in front of it. 


Various troubles in the video amplifier can cause phase shift and smear, as 
shown in a number of photographs in section V, but it may also be due to 


transmission troubles. This can be determined by checking a second receiver; 
+f both receivers show smearing, it is most likely due to the station. 


Signal Waveform vs. Brightness 


Electrical signals are changes in voltage during a period of time. Such signals 
are shown in books and on the screens of cathode-ray oscilloscopes as “wave- 
shapes” or “waveforms”. 


In radio, if we want to see the waveform of audio-frequency signals, we must 
use an oscilloscope. 


In television we have a tremendous advantage because, without using an 
oscilloscope, we actually see each of the thousands of video signals that form 
the complete test pattern or picture. We see these signals not as waveforms, but 
as changes in brightness along each scanning line on the kinescope: We see 
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signals that last for as little as one-tenth of one-millionth of a second; we see 
other signals that remain unchanged for as long as 53 millionths of a second. 


To take advantage of this graphic display of the picture signals, we must 
understand the relation between the changes in brightness and the waveform of 
the signal that produces these changes: We must learn to look at any section of a 
scanning line and immediately visualize how the signal voltage must be chang- 


ing to produce the changes in brightness that we see along the particular scanning 
line. 


The following paragraphs briefly cover this subject: 


The intensity of the electron beam in the kinescope, and consequently the size or 
apparent brightness of the spot, depends on the voltage at any instant between 
the grid and cathode of the kinescope. 

If we connect an electronic voltmeter between the grid and cathode of the 
kinescope, and vary the grid voltage, by means of the brightness control, we 
can observe how the brightness of the spot or raster changes as the grid voltage 
is changed. An arbitrary example of this relation is listed below: 


Kinescope grid voltage Brightness of spot or raster 
RRM il ae Sen eee Paihia Sate deus yy ba ic ae Bright (—white—) 

cei | the EO ERE IS RE OG Gl pr ec, Ane SR EIEN SIMI BPI? LM Light grey 

BREW iach iG a dea ce eee Sed aca et tae Medium grey 

OE EG Sa hy Pee BE OS heigl a bl Od Wn Winton u Woh Guat Dark grey 

EW dD iG ata ae ay. cca Wal Ak WO ie ea ee ces ena SS Black 


(For simplicity, we are using a reference of zero volts for white, ignoring non- 


linear relationship between grid voltage and brightness, and omitting reference 


to the sync pulses, which are 33% higher in voltage than the black signal level.) 
Assume that the receiver in this example is tuned to a TV station, and the 
brightness and contrast controls are correctly adjusted: 


When the electron beam in the TV camera is scanning a white portion of the 
picture, the rf output of the transmitter is zero (for practical purposes). This 
results in zero signal voltage at the kinescope grid, which, as shown in the table 
above, is the condition that makes the spot bright, producing “white” on the 
kinescope. 


When the camera is scanning a black portion of the picture, the rf voltage out- 
put of the transmitter is maximum (for picture signals). This produces maxi- 
mum negative signal voltage at the kinescope grid, or—40 volts in the above 
example. This is the condition that extinguishes the spot, producing “black” on 
the kinescope. 


When the camera is scanning a grey portion of the picture, the rf voltage output 
of the transmitter is some percentage of the black signal output. This produces 
the same percentage of the maximum negative signal voltage at the kinescope 
grid, and results in the same shade of grey on the kinescope. 


It should be pointed out that the “blackness” of black portions on the kinescope 
depends on how much direct or stray light from lamps and windows is illuminat- 
ing the front of the kinescope. In a pitch-dark room, the black portions of the 
picture are quite black, but in a bright room, the black portions of the picture 
can not be darker than the front of the kinescope appears when the TV set 
is turned off. This may seem like an obvious fact, but it is frequently overlooked. 
In visualizing the waveform of the signal, it is desirable to have the kinescope 
screen reasonably well shaded so that the blacks will be black. 
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Figure 6 shows how the signal voltage changes along one scanning line in the 
NBC test pattern. 





- WHITE 
-LIGHT GREY 
-MED. GREY 
-DARK GREY 
-BLACK 


TIME 





Fig. 6—Wavetorm of signal voltage along portion of one line in WNBT test 
5 pattern. 
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Figure 7 shows how the signal voltage changes along one scanning line in the 


RCA Indian-head pattern. 
\- 


' - WHITE 
| | -LIGHT GREY 
-MED GREY 
| -DARK GREY 
-BLACK 


Titi 6 











Fig. 7— Waveform of signal voltage along portion of one line in Indian-head 
test pattern. 
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For practice, we recommend that the reader sketch out the changes in signal 
voltage across other lines in those test patterns. There is no better way to 
become acquainted with this subject. 


Shading Wedges 


Almost all test patterns include some form of shading blocks to assist in 
correctly adjusting contrast and brightness. 


VERTICAL BLANKING BAR 


7 


PICTURE IS STRETCHED AT TOP, CRAMPED AT BOTTOM 


Fig. 8 — The vertical 
blanking bar may be 
used to check vertical , - : 


linearity. PICTURE IS CRAMPED AT TOP, STRETCHED AT BOTTOM 


Joes 


VERTICAL LINEARITY 1S GOOD 
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The shading blocks have at least five shades—black, dark grey, medium grey, 
light grey, and white. The contrast and brightness should be adjusted so that 
each shade is distinguishable. With contrast too high, the dark greys become 
black, and with contrast too low, the lighter greys become washed out. 


Vertical Linearity Check 


A very useful hint for checking and adjusting vertical linearity when there are 
only programs and no test patterns on the air, is to turn the vertical-hold con- 
trol so the picture keeps rolling slowly from top to bottom. This is shown in 
Figure 8. There is no similar easy way to check horizontal linearity. 


In a few test patterns, all circles are intentionally omitted; regularly spaced 
horizontal and vertical lines are used to check and adjust linearity, as shown 
in Figure 9. 

Note on Focusing and Brightness 


In most test patterns, the narrow ends of the wedges are intentionally placed 
near the center of the test pattern. By focusing here, it ensures that the picture 
will be in best focus at the center, which is desirable. 









Seer ae as 

RRR eeisrr Sew eet 
GOOD HORIZONTALLY GOOD HORIZONTALLY GOOD VERTICALLY 
POOR VERTICALLY AND VERTICALLY POOR HORIZONTALLY 
(STRETCHED AT TOP) (STRETCHED AT LEFT) 


Fig. 9—Some test patterns have cross-hatching instead of circles for checking 
linearity. 
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If brightness and contrast are set too high, the definition will suffer, owing to 
“blooming” of the kinescope spot. When the spot is too bright, it grows larger, 
and best definition depends on a small spot. 


( 
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the electron beam in the kinescope moves from the left-hand to the 


The figures at the top and right of this photograph indicate that © 
right-hand edge of the picture in 53 millionths of a second (micro- 
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seconds), and from the top to the bottom in 1/60th second (includ- 
ing vertical blanking). 


Knowledge of these two basic time factors make it relatively easy 


to interpret practically any interference pattern that may be visible 
in the picture. 


( 


%-megacycle beat produced by an interfering signal. There are 
approximately 14 dark and 14 light vertical bars between the left 
and right edges of the picture, or 14 cycles in 53 microseconds. The 
equivalent frequency is 14 — 53, or %4 Mc. Read TVI-1 to TVI-1n. 
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Analysis of and Remedies for 
TELEVISION INTERFERENCE 


The subject of interference is important to all television tech- 
nicians. It is not a simple subject. Study, observation, and experi- 
ence are required to become expert in successfully handling the 
varied problems that are involved. An expert technician should 
be able to identify the various forms of interference, determine the 
frequency of the interference, and apply corrective remedies when- 
ever possible. 


Interference Sources 


The principal sources of interference in television reception may 
be grouped as follows: 


1. Short-wave radio transmitters, AM, FM, and code, operating in 
or Close to the if, rf, or image bands of the TV receiver. 

2. Other television stations, on the same channel, on an adjacent 
channel, on the image channel, or on any other channel that 
results in interference on the particular TV receiver. 

3. Rf oscillators in short-wave, FM, and some TV receivers. 


4. Industrial rf equipment, such as diathermy, rf-heating machines, 
rf-excited sterilizing lamps, etc. 
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%-megacycle beat produced by an interfering signal. There are 
approximately 26 dark and 26 light vertical bars between the left 
and right edges of the picture, or 26 cycles in 53 microseconds. The ea) 
equivalent frequency is 26 —— 53, or % Mc. Read TVI-1 to TVI-In. 
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5. Non-radio devices that produce pulse-type noise interference, 
such as automotive ignition systems, smoke precipitators, some 
sterilizing lamps, some electrical and telephone equipment, 
sparking brushes on motors, generators, cash registers, fans, 
business machines, arcing switches, contactors, vibrators, and a 
long list of others. 


Groups 1, 2, 3, and 4 produce interference that is “tunable’’. These 
signals may be very sharp or quite broad in frequency range, de- 
pending on the type of modulation. Usually a signal of this type 


produces interference in only one or possibly two channels in a 


television receiver. It seldom spreads over several channels, except 
in the case of some diathermy equipments. 


- Group 5 produces random short-duration “noise” pulses that shock 


excite the rf-tuned circuits in the receiver, producing interference 
on many of the channels in a television receiver, particularly in 


_ .weak-signal areas. 


There are border-line cases in group 5 where the interference more 
nearly resembles that in the first four groups. For example, the 
writer has seen two cases where interference was produced by arc- 
over at broken spots in carbon-filament lamps: The arc and the 
resonance of the filament produced strong interference in channel 
3, but scarcely any interference in channels 2, 4, or elsewhere. 
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1-megacycle beat produced by an interfering signal. There are 
approximately 53 dark and 53 light vertical bars between the left 
and right edges of the picture, or 53 cycles in 53 microseconds. The 
equivalent frequency is 53 — 53, or 1 Mc. Read TVI-1 to TVI-I1n. 
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Interference from group 5 generally appears as short dark dashes 
sprinkled randomly and continually changing position on the 
picture. When the dashes are not distributed over the entire picture 
area, but occur only in one or two horizontal strips, leaving the rest 
of the picture clear, it shows that the interference is produced dur- 
ing only a portion of each 1/60th second, indicating that the device 
operates on 60-cycle supply. A clue like this should not be over- 


looked because it may aid in putting the finger on the offending 


device; at least, it permits elimination of other devices from sus- 
picion, thus narrowing the field. 


When the black dashes are followed by white streaks, it is an indi- 
cation that the receiver is being overloaded by the noise pulses. 
Each white streak represents the recovery time during which the 
receiver is insensitive. 


In locating the source of interference in group 5, it is usually neces- 
sary to follow a process of elimination. Disconnect each electrical 
device in the building, one at a time, and check to see if the inter- 
ference disappears. If necessary, the same process may be extended 
to neighboring buildings and stores, if the owners will permit. 


Search for the source of an electrical interference that is prevalent 
over a wide area, and that may originate anywhere in the area, is 
best conducted by a small group of specialists. Such groups may be 





; | (Cte oe ee 
2-megacycle beat produced by an interfering signal. There are 
approximately 106 dark and 106 light vertical bars between the left 
and right edges of the picture, or 106 cycles in 53 microseconds. 

The equivalent frequency is 106 — 53, or 2 Mc. Read TVI-1 to S) 
TVI-I1n. 
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composed of members of the local technicians association, TV deal- 
ers, and the T’V interference specialist of the local power company. 


Most technicians are well acquainted with the appearance of igni- 
tion interference because it is readily associated with passing cars 
and trucks. Interference from a cash register or other business 
machine is also readily identifiable in most because it occurs only 
when the machine is in operation. The manufacturer’s local service 
representative should be notified of any machine that causes TV 
interference. 


The effects of electrical interference are naturally most severe in 
areas where the TV signals are weak. In such areas TV receivers 
must be operated at full gain and are therefore extremely respon- 
sive to interference. 


In locations where electrical interference can not be reduced, it is 
always helpful to increase the TV signal input to the receiver by 
using a better antenna, a higher mast, lower-loss transmission line, 
and by checking the rf-if alignment of the receiver. 


Conventional remedies, such as filters across sparking contacts, 
filters in the power line, electrostatic shielding, etc., can be applied 
to an interfering device when it is located. 


Interference from groups 1, 2, 3, and 4 generally produces a visible 
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3-megacycle beat produced by an interfering signal. There are 
approximately 160 dark and 160 light vertical bars between the left 
and right edges of the picture, or 160 cycles in 53 microseconds. 
The equivalent frequency is 160 — 53, or 3 Mc. Read TVI-1 to 
TVI-1n. 
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beat pattern on the picture. Interference from group 5 does not 
produce a beat pattern. Therefore, the presence of a beat in the 
picture indicates that the interference is from one of the first four 
groups. These groups will now be considered. 


Interference Pickup 


Interference from groups 1, 2, 3 and 4 is usually picked up in the 
antenna circuit, but it may be picked up directly in the input cir- 
cuits of the following sections in a television receiver: 


(a) The video amplifier may pick up strong interference in the 
range from a few cycles-per-second to about 4.5 mc. The gain 
of video amplifiers in television receivers is quite low, in the 
order of 10 to 50 times, consequently, the interference must be 
unusually strong to produce a visible effect on the kinescope. 
The effect can be demonstrated in locations close to a strong 
broadcast station, or any other station in the video range, by 
placing a finger on the grid of the 1st video tube. The resulting 
interference may appear as a number of vertical or slanting 
dark bars. A definite check to see whether pickup exists in the 
video amplifier, is to remove the last tube in the picture-if 
amplifier. If the interference is still evident, it is probably being 
picked up in the input circuits of the video amplifier. 








3-megacycle beat produced by an interfering signal of greater inten- 
sity than TVI-le. The strong interference almost reverses the con- 
trast; the station letters which should be black are light grey, and 
the background which should be white is also grey. Read TVI-1 
to TVI-In. 
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(b) The picture-if. amplifier may pick up interfering signals that 


(c) 


are in, or Close to, the frequency band of the picture-if ampli- 
fier in the particular set. The if signals may be carried down 
on the antenna transmission line and coupled from there into 
the input circuits of the picture-if amplifier, or they may “get 
through” the rf tuned circuits in the head end. To cite an 
example of this latter condition, the writer recalls severe if 
interference in 1939 when receiving New York TV signals at 
Camden, N. J. (About 90 miles away). The if interference was 
from short-wave broadcast stations in the 12-Mc band. The 
short-wave stations were in England! Modern TV receivers, 
fortunately, have much better if rejection than the pre-war 
models. 


The rf amplifier may pick up interference that is in the par- 


ticular TV channel, or in the image band of the same channel. . 


It is possible, however, for signals at other frequencies to 
cause interference, depending largely on the design of the rf 
tuner unit in the particular receiver. 

There are several indirect checks to determine whether inter- 
fering signals are rf or if. These methods will be developed as 
we progress in the subject. 








ACA Television PICT-@-GUIDE = 
6 | So - 





60-cycle interference. There is one dark and one light horizontal 
bar between the top and bottom of the picture, or 1 cycle in 1/60th 
second. The equivalent frequency is 60 cycles-per-second. The 
gradual change in intensity from dark-to-light-to-dark shows that 
the interfering voltage is a sine-wave: a square-wave voltage would 
produce abrupt changes in shading. Read TVI-1 to TVI-In. 
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Beat Pattern Analysis 


The first important step in studying the subject of interference is 
learning to compute the frequency of any beat pattern that is 
visible on the picture. The best way to accomplish this is by study- 
ing (and if at all possible by actually duplicating) the following 
simple experiments. 


Tune in a TV station, preferably one with a test pattern, and prefer- 
ably on a channel that is free from interference. 


Connect a short shielded lead to the high-output terminals of an 
ordinary rf-if test oscillator such as is used in radio service work. 
Connect the lead through an 0.05-uf capacitor and through a 
5000-ohm resistor to the grid of the 1st-video amplifier in the TV 
set. Connect the shield of the lead to the TV chassis. The capacitor 
is used to prevent shorting out the bias on the video tube. The 
resistor is used to reduce the loading effect of the test oscillator so 
that the picture quality will not be too greatly impaired. Tune the 
test oscillator to about 150 kc. If the oscillator has sufficient output 
voltage there should be visible in the picture about 9 dark bars 
separated by light spaces. The bars will rotate from a vertical to a 
horizontal position and back to vertical as the test oscillator is 
tuned slowly. The bars are not discernible at or near the horizontal 
positions. The bars rotate clockwise as the frequency of the oscil- 
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420-cycle signal in video amplifier. There are 7 dark and 7 light hori- 
zontal bars between the top and bottom of the picture, or 7 cycles 
in 1/60th second. (Neglecting vertical blanking.) The equivalent 
frequency is 7 x 60 or 420 cycles-per-second. The gradual change in 
intensity from white-to-black-to-white indicates that the signal is 
essentially a sine-wave: a square-wave voltage would produce abrupt 
changes in shading. Read TVI-1 to TVI-In. 
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lator is changed in one direction, and they rotate counter-clockwise 
as the frequency is changed in the opposite direction. 


Note that the bars become vertical only when the frequency of the 
test oscillator is an exact multiple of the television horizontal scan- 
ning rate of 15,750 cycles. At frequencies between these multiples 
the bars are slanted. 


With a test oscillator that does not tune lower than 100,000 cycles, 
it will be found that the bars become vertical at 110,250; 126,000: 
141,750; 157,500 cycles and so on, at exact multiples of 15,750 
cycles up to the frequency response limit of the video amplifier, 
around 4,500,000 cycles. (If an audio oscillator covering the range 
to 100,000 cycles is substituted for the rf-if test oscillator, it will 
be seen that the bars become vertical at 15,750 cycles, 31,500 cycles, 
and so on.) 


Note particularly that as the frequency of the oscillator is increased 
from one multiple to the next, one additional bar is added to the 
pattern. Conversely as the frequency is decreased, there is one 
less bar in the pattern at each lower multiple. 


The explanation for this effect is simple. It takes a definite amount 
of time for the electron beam to move from the left- to the right- 
hand edge of the picture. During this time it forms one active hori- 
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1-megacycle beat interference with 400-cycle FM tone. Strong inter- 
ference almost reverses the contrast, similar to TVI-1f. Read TVI-1 


to TVI-1n. 








165 


zontal scanning line. If during this time the test oscillator puts out 
exactly 10 cycles of signal, the 10 cycles will produce 20 alternate 
dark and light spots on the scanning line, corresponding to the 
negative and positive halves of each of the 10 cycles. One dark 
spot and one light spot, therefore, represent one cycle. If the fre- 
quency of the test oscillator is increased, so that it produces exactly 
11 cycles while the beam is moving from the left- to the right- 
hand edge of the picture, the 11 cycles will produce 22 alternate 
dark and light spots on the scanning line. It is only when the fre- 
quency of the interfering signal is an exact multiple of the hori- 
zontal scanning rate that the dark and light spots in each line be- 
come vertically aligned with the corresponding spots in all of the 
other horizontal scanning lines, of which there are approximately 
500. The eye does not distinguish the spots in each scanning line, 
but sees the vertically aligned spots as vertical bars. This may be 
observed in K-8 to K-8c. 3 


The practical point about these observations is that, by counting, 
or estimating the number of vertical bars, it is possible to deter- 
mine the beat frequency produced by the interfering signal. On 
many occasions this is the first and essential step in determining 
the actual frequency of the rf or if signal that is causing the inter- 
ference. Neglecting horizontal blanking time, the frequency of the 





“Windshield wiper” interference from another TV station. The same 
interference, photographed an instant later, is shown in TVI- 1k. 
Read TVI-1 to TVI-I1n. 
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beat can be determined roughly by counting the number of dark 
vertical bars and multiplying this number by 15,750, which gives 
the approximate beat frequency in cycles per second. For example 
if there is only one dark and one light vertical bar (each about half 
the width of the picture) the beat is 1 x 15,750, or 15,750 cycles 
per second. If there are 10 dark vertical bars, the beat is approxi- 
mately 10 x 15,750, or 157,500 cycles per second. If there are 100 
dark vertical bars, the beat is approximately 100 x 15,750, or 
1,575,000 cycles per second. 


A more accurate method, which takes account of horizontal blank- 
ing time, is to divide the number of dark vertical bars by 53. The 
quotient gives the beat frequency in megacycles per second. For 
example if there are 106 dark vertical bars, the equivalent beat 
frequency is 106 + 53, or 2 Mc. The figure 53 is the approximate 
number of microseconds required for the beam to move from the 
left- to the right-hand edge of the picture, or the time required to 
form one active horizontal scanning line, exclusive of horizontal 
blanking. This time is indicated on the photograph in TVI-1. 


A number of examples of beat-frequency interference are shown in 
TVI-1la to TVI-1f. An enlarged portion of the photograph is shown 
in some cases so that the beat pattern may be discerned. 


We have considered video interference on the TV picture from 









‘“‘Windshield wiper” interference from another TV station. The same 
interference, photographed an instant earlier, is shown in TVI-1j. 
Read TVI-1 to TVI-I1n. 
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15,750 cycles up to the top limit of the video amplifier. What hap- 
pens to the beat pattern below 15,750 cycles? 


The effects in this case can be observed by substituting an audio 
oscillator for the rf-if test oscillator used in the previous experi- . 
ments. At 15,750 cycles there is one dark and one light vertical bar, 
each about half the width of the picture. As the oscillator frequency 
is decreased, the pattern shifts and at about one-half this fre- 
quency, horizontal bars appear. As the frequency is further de- 
creased, the number of horizontal bars decreases. 


To determine the frequency represented by the horizontal bars it is 
necessary to consider the vertical deflection rate which is 60 cycles. 
per second, or one vertical deflection in 1/60th second, including 
vertical blanking time. One dark and one light horizontal bar 
constitutes one cycle. 


Neglecting the vertical blanking time, the frequency can be deter- 
mined by counting the number of dark horizontal bars and multiply- 
ing this number by 60. The answer is the approximate frequency in 
cycles per second. 


For example, if there are 10 dark horizontal bars the approximate 
frequency is 10 x 60 or 600 cycles per second. If there is only one 
dark and one light horizontal bar, each about one-half the height 
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VIDEO CONTROL AUDIO 


Occasionally it is possible to identify interference by listening to 
the signals in the video amplifier. The audio amplifier and speaker 
in the TV receiver may be used for this purpose as shown above. 

When this method is uSed, it is necessary to remove one of the @) 
tubes from the sound-if amplifier. Read TVI-1 to TVI-In. 
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of the picture, the frequency is 1 x 60 or 60 cycles per second. 
Photographs TVI-1lg and TVI-1h illustrate examples of horizontal 
bars. Note particularly that the horizontal bars remain stationary 
only when the frequency of the oscillator is an exact multiple of 60 
cycles. At frequencies between these multiples, the bars .are in 
motion vertically. 


The bars that are produced on the picture when a separate video 
signal is fed into the video amplifier will remain on the raster when 
the TV signal is removed (by tuning the receiver to a blank 
channel or by removing a tube from the picture-if amplifier). In 
this case, without the sync signals from a TV station to establish 
the horizontal and vertical deflection rates, the effects are some- 
what different from those described previously. With either vertical 
or horizontal bars of sufficient intensity, one of the bars (actually, 
the half-cycles of signal that form the bar) will act to sync the 
deflection oscillator. As a result, the vertical bars remain vertical, 
simply changing in number as the frequency of the video signal 
is changed. Likewise the horizontal bars do not roll vertically, but 
simply change in number as the frequency of the video signal is 
changed. 


Bars produced in the picture by feeding a separate video signal into 
the video amplifier represent plain video interference, not beat inter- 
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With this tuned-detector circuit, it is possible to determine the 
frequency and sometimes identify the interference in the picture-if 
amplifier. The tuned circuit is coupled to the last transformer in 

the picture-if amplifier and tuned through the if range to pick up @) 
the interference. Read TVI-1 to TVI-1n. 
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ference. The resulting interference patterns are, however, the same 
as if they were produced by beat interference. 


Beats are produced when two signals of different frequency are fed 
into a circuit that contains some form of rectifier or detector. In 
television we are ordinarily concerned only with the “difference” 
beat, the frequency of which is equal to the difference in frequency 
between the two signals. 


The effects of interfering signals in the if range can be demonstrated 
very easily as follows: 


Tune in a TV station and loosely couple the output of the test 
oscillator to the input circuit of the picture-if amplifier. (The test 
oscillator should cover the picture-if range on fundamental frequen- 
cies.) Tune the test oscillator so that its frequency is close to the 
picture-if carrier frequency. Adjust the output, or the coupling, 
from the test oscillator until an interference pattern is seen on the 
picture. If the signal is too strong it will cause sync troubles. 


By tuning the test oscillator slowly from the frequency of the 
picture-if carrier to the other end of the if band, the interference 
pattern on the picture will change from a few horizontal bars, 
which represent a low beat frequency, to about 200 vertical bars, 
which represent a beat frequency of approximately 4 Mc. (Actually, 
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Rf or image interference can frequently be reduced or eliminated by 
connecting a stub of 300-ohm transmission line across the antenna 
input terminals of the receiver. The stub may be “%-wave open or 
14-wave shorted at the frequency of the interfering signal. Read S) 
TVI-1 to TVI-I1n. 





175 


176 


due to instability, it may be difficult or impossible to keep the 
frequency of the test oscillator close enough to that of the picture-if 
carrier to obtain patterns with horizontal bars.) 


By estimating the beat frequency from the number of vertical 
bars, it is possible to determine the frequency at which the inter- 
ference appears in the picture-if amplifier. As an example, when 
the test oscillator is tuned to produce 100 dark vertical bars, or a 
beat frequency of 2 Mc, it will be found that the frequency of the 
test oscillator is 2 Mc higher or lower than the frequency of the 
picture-if carrier. As another example, when the test oscillator is 
tuned to produce 25 dark vertical bars, or a beat frequency of % 
Mc, it will be found that the frequency of the test oscillator is % 
Mc higher or lower than the frequency of the picture-if carrier. 


Note that when the amplitude of the signal from the test oscillator 
is sufficiently strong, it is possible to produce interference in the 
picture-if amplifier even when the frequency of the signal is outside 
the normal pass-band of the amplifier. In many receivers the 
normal pass-band of the picture-if amplifer extends from 27.25 Mc to 
21.25 Mc, but the amplifier usually has some response for a range 
above and below this band. For example, if a strong signal at 28 
Mc is coupled into the amplifier from the test oscillator, it will 
produce a beat of 2.25 Mc (28 Mc minus the picture-if carrier of 


25.75 Mc). If the interference is more than 4.5 Mc above or below 
the picture-if carrier, the beat frequency is also more than 4.5 Mc, 
and it is attenuated in the video amplifier in which the response 
usually drops off rapidly beyond 4.5 Mc. 


Usually when the interfering signal is slightly outside the normal 
pass-band of the picture- -if amplifier, as in the example just cited, 
the best remedy is to use an intermediate-frequency trap. This 
may consist of a high-Q parallel-tuned circuit coupled to one of 
tuned circuits in the picture-if amplifier. 


The trap is tuned to the frequency of the interference and acts to 
reduce the response of the if amplifier nearly to zero at this fre- 
quency. The trap should be coupled to a circuit that is resonated 
at the same end of the pass-band. Such a trap is effective whether 
the interfering signal is coming in at the intermediate frequency, 
or is being beat down from some higher radio frequency. An if trap 
can be made narrower in bandwidth than a conventional rf stub, 
and it is therefore particularly well suited for minimizing an inter- 
fering signal that is slightly outside the picture-if band without 
affecting the normal rf-if response. 


An actual case in which an if trap proved effective in eliminating 
rf interference occurred in an area near an airfield where inter- 
ference was encountered on channel 5 from a transmitter operat- 
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ing near 76 Mc. The oscillator frequency for channel 5 in the par- 
ticular receiver is 103 Mc. The interference appeared in the picture- 
if amplifier at about 27 Mc (103—76=—27). An rf stub tuned to 
the interfering signal reduced not only the interference, but also 
the picture carrier at 77.25 Mc. An intermediate-frequency trap 
tuned to 27 Mc eliminated the interference. Slight realignment of 
the picture-if amplifier was necessary to restore the picture-if 
carrier of 25.75 Mc to its normal position of 50% on the slope of 
the over-all rf-if response. 

Note that in the case of if interference (when the interference is 
originating at an intermediate frequency) the beat frequency 
changes when the frequency of the picture-if carrier is altered by 
tuning the fine-tuning control, or the main-tuning control in 
receivers with continuous tuning. 

It is advisable to extend these simple experiments into the rf and 
image ranges. For this purpose it is necessary to have a signal gen- 
erator that covers these frequencies on fundamentals. Many tele- 
vision marker oscillators employ harmonics for the rf ranges. 
The RCA WR-39A television calibrator is recommended because 
it operates on fundamentals and there is no guesswork in deter- 
mining frequencies with this instrument. The output lead of the 
generator should be placed near the antenna input terminals of 
the receiver. 
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Beat Pattern Identification 


When the generator is tuned in the rf channel, or in the image 
of this channel, the resulting beat patterns that are seen on the 
kinescope appear exactly the same as with if interference. Conse- 
quently, it is not possible to determine from the appearance of the 
interference on the kinescope whether the interference is coming 
in at if, rf, image, or other frequency. However, it should be noted 
that when the interference is in the rf channel or close to it, the 
beat frequency is not altered by moving the fine-tuning control of 
the receiver. 


The observant technician will find that interference can be pro- 
duced by strong ‘signals at many different frequencies in addition 
to those in the if, rf, or image bands. If a harmonic of a low-fre- 
quency signal falls in the if, rf, or image bands, it can cause inter- 
ference. In the particular receiver if there is appreciable energy 
from the local rf oscillator present in the rf input circuits, it can 
beat with external rf signals to produce interference. This latter 
condition can produce interference from a station in the high 
band when the receiver is tuned to a station in the low band. The 
remedy in this case is either to reduce the strength of the local rf 
oscillator signal by means of a stub or lumped-constant trap, or to 
attenuate the signal from the high-band station. A convenient 
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method is to use a %4-wave open, or a %-wave shorted stub con- 
nected across the antenna terminals with a double-pole switch to 
disconnect the stub when it is desired to view the station on the 
high channel. 


In general there is no one method for identifying and eliminating 
all forms of interference. 


If the interference is coming from a short-wave station it may be 
possible to identify the station, and thus determine its frequency, 
by listening to the interference on the picture-if channel as shown 
in TVI-11. With this method, the interference will be obscured by 
the sound of the vertical blanking and sync signals from the TV 
station, so that it may not be possible to identify the interfering 
station unless the TV station is off the air. 


A better method to identify interference is to use a tuned pickup 
as shown in TVI-1m. This pickup is simply a tuned circuit cover- 
ing the range of about 17 to 27 megacycles, with a crystal detector 
connected to a tap at the 4th turn. The dial of the variable capaci- 
tor should be calibrated with the aid of a signal generator or test 
oscillator. 


The tuned circuit should be held near the last picture-if trans- 
former and tuned over the if range. At the frequency corresponding 
to the picture if, the low-frequency picture elements and vertical 
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blanking and sync will be heard. If the frequency of the inter- 
ference is not too close to the picture if, it can be tuned in without 
interference from the picture signal. 


After the frequency at which the interference appears in the picture- 
if amplifier is determined, it is easy to compute the two probable 
rf frequencies at which the interference originates: 


(1) Determine the frequency at which the interference appears in 
the picture-if amplifier. Call this f1. 


(2) Determine the frequency of the rf oscillator in the particular 
set for the TV channel on which the interference occurs. Call 
this f2. 


Then f2 minus fl, and f2 plus fl will be the two probable rf fre- 
quencies. As an example, if— 


(a) the interference is present on channel 3, and 


(b) in the particular TV set, the rf oscillator for channel 3 is at 87 
megacycles, and 


(c) the interference in the picture-if amplifier appears at 23 mega- 
cycles, then, 
87 minus 23 64 
37 plus 23== 140 
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Therefore, the interference may originate at either 64 or 110 Mc. 
As mentioned previously there are many other possible combina- 
tions that can produce interference. 


Beat Interference Elimination 


One of the most useful and practical methods for reducing rf and 
image interference is the use of a stub connected across the antenna 
input terminals of the receiver as shown in TVI-In. 


Regardless of the input impedance of the particular receiver, or the 
type or impedance of transmission line, the stub may consist of a 
length of 300-ohm ribbon-type transmission line. It may be %4-_ 
wavelength open at the end, or 1%4-wavelength shorted at the end, 
at the frequency of the interfering signal. The %-wavelength stub 
has somewhat greater attenuation but, because it is longer, it is 
difficult to position out of sight in back of the receiver. 


The length of the stub can be determined from the formula on TVI-1n, 
based on use of RCA Bright-Picture 300-ohm transmission line which | 
has a velocity constant of 0.83. Cut the stub somewhat longer than 
necessary and cut off short pieces to determine the exact length for 
maximum attenuation of the signal. E. g., if the interference is known 
to be at 100 Mc, the length in inches for a ¥%-wavelength stub of RCA 
300-ohm transmission line is 4900——100, or 49 inches. In this case, 





start with about 52 inches and use a wire cutter or razor blade to 
short across the line at %4-inch steps from the end of line until the 
point is found where the interference is minimized. Cut the line 
about % inch longer than this, skin the wires ™% inch, and twist 
them together. If the stub is to be %-wavelength, divide the above 
figure calculated for a %-wavelength stub by 2. For example, a 
%-wavelength stub made of RCA 300-ohm line for 100-Mc inter- 
ference is approximately 24.5 inches. 


After the correct length is determined, the stub must not be rolled 
up or pushed in alongside the metal chassis as this will alter its 
effective length. It may be fastened with fibre-head tacks on the 
back of the wooden cabinet. 


When the frequency of the interfering signal is not known, it is 
possible to start with a long length of line, about 8 feet, connected 
across the antenna input terminals. Use a sharp wire cutter to cut 
through the insulation, shorting the two conductors without actu- 
ally cutting the wires. Start at a point about 20 inches from the 
antenna terminals and progress in 1l-inch steps toward the end of 
the line. A total range, for a ¥%-wave shorted stub, from about 250 
to 50 Mc is thus obtained. When the approximate length that at- 
tenuates the signal is determined, the exact length may be found 
by shorting the line in %-inch steps at this point. 
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If the final length of the '4-wave shorted stub is too long for con- 
venient placement in back of the receiver, use a piece of line 
slightly more than % this length, (%-wave open-ended stub) and 
cut off short pieces until the interference is minimized. 


“Windshield Wiper” Effect 


In TVI-1j and 1k the dark vertical bars are produced by the 
horizontal blanking and sync signals of the interfering station. 


The interfering picture usually moves erratically back and forth 
across the screen, sometimes rapidly, sometimes slowly, depending 
on slight differences in horizontal frequency between the two 
stations. The interfering picture may also move up or down 
slowly or rapidly, depending on slight differences in vertical- 
deflection frequency between the two stations. When both stations 
are on the same 60-cycle supply, the interfering picture does not 
move vertically, but if there is a difference in vertical phasing, 
some or all of the vertical sync and blanking signals from the 
interfering station may be visible. The dark horizontal section 
across the top of TVI-1j and 1k, is produced by a portion of the 
vertical blanking signal of the interfering station. 
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Diagram of video amplifier. The input signal comes from the pic- 
ture 2nd-detector load circuit, which may be considered a part of 
the video section. 





85 


—" 


4, 


a: 


VIDEO TROUBLES 
Typical Symptoms 


. Streaking or smearing in picture, due to excessive low-frequen- 


cy response. 


. Vertical blanking not as dark as the darkest picture elements, 


due to poor low-frequency video response. This condition may 
be accompanied by poor sync and inadequate blanking of re- 
turn lines. 


. Portions of picture that should be a uniform black or grey have 


gradations in shading, due to poor video response. 


Poor-high-frequency definition, due to open or shorted video 
peaking coils. 


Difficulty in obtaining suitable contrast, due to incorrect bias 
on video tubes. 


Some of these symptoms, particularly 3 and 4, are frequently 
caused by incorrect rf-if alignment. 
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. Diagram of video amplifier. The input signal comes from the pic- 
si ture 2nd-detector load circuit, which may be considered a part of 


the video section. 
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VIDEO TROUBLES 
Typical Symptoms 


. Streaking or smearing in picture, due to excessive low-frequency 


response. 


. Vertical blanking not as dark as the darkest picture elements, 


due to poor low-frequency video response. This condition may 
be accompanied by poor sync and inadequate blanking of re- 
turn lines. 


. Portions of picture that should be.a uniform black or grey have 


gradations in shading, due to poor video response. 


. Poor-high-frequency definition, due to open or shorted video 


peaking coils. 


. Difficulty in obtaining suitable contrast, due to incorrect bias 


on video tubes. 


Some of these symptoms, particularly 3 and 4, are frequently caused 
by incorrect rf-if alignment. 


6. Horizontal pulling or weaving of picture at normal contrast, due 


to incorrect bias on video tubes or to faulty dc restorer. 


7. Loss of syne or reduction of sync amplitude caused by clipping 


due to incorrect voltages on video tubes. 


\ 
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Left—Appearance of vertical wedge with receiver in normal condi- 
tion. Right—Blurring of vertical wedge indicates poor high-fre- 
quency response due to open 120-yh peaking coil in plate circuit of 
lst video amplifier. 
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Trailing reversal (white following black) produced when value of 
cathode resistor of 2nd-video amplifier is changed from 330 to 1500 
ohms. Resulting incorrect bias makes picture ‘“‘pull” horizontally at 
normal contrast. Refer to V-1 for schematic. 


——~ 


\ 


( 





Trailing reversal, white after black, after the lettering and circles 
indicating phase shift and poor low-frequency response produced 
when load resistor of second detector (not shown in V-1, diagram 
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of video amplifier) is changed from 3900 to 100 ohms. Note that 
black of letters and outer circle is not uniform, as evident in cross- 
bar of letter T. 





Smearing and streaking indicate phase shift and excessive low- 
frequency response produced when load resistor of 2nd detector 
(not shown in V-1, diagram of video amplifier) is changed from 





3900 to 100000 ohms. Note that vertical wedge indicating fre- ~ 
quencies from 2 to 4 Mc is practically wiped out. ( ) 
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Loss of low-frequency response, evidenced by vertical blanking 
bar lighter than black picture elements; and low-frequency phase 
shift, evidenced by reversals. This picture is produced when grid 
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resistor of lst video amplifier is changed from 470,000 to 3000 
ohms. For appearance of normal vertical blanking and sync sig- 
nal, see S-2. Refer to V-1 for Schematic. 











Weak and blurry vertical wedges, indicating poor high-frequency 
response, produced when 10-yf filter capacitor in plate circuit of 
lst video amplifier is open. The low-frequency plate load resistor 
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is increased, effectively from 3300 to 10,100-ohms (3300 + 6800 
ohms), thereby increasing the low-frequency response with sac- 
rifice of high frequencies. Refer to V-1 for Schematic. 
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Poor low-frequency response, evidenced by vertical blanking bar 
lighter than black picture elements, produced when 0.05-uf coup- 
ling capacitor between lst and 2nd video stages is changed to 500 
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uf. For appearance of normal vertical blanking and sync signal, 
see S-2. Refer to V-1 for Schematic. 











Streaking and loss of vertical wedges indicating excessive low-fre- 
quency response produced when 0.05-uf coupling capacitor to 
kinescope grid is open. High frequencies are cut out; low frequen- 
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cies reach kinescope grid through dc restorer circuit. Refer to V-1 
for Schematic. 
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Hum in picture evidenced by alternate light and dark areas in pic- 
ture (hum voltage on kinescope grid) and picture curvature (hum 
in horizontal sync) produced by heater-cathode leakage in 2nd- 
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video amplifier. Leakage simulated by placement of 700-ohm re- 
sistor between tube heater and cathode socket connections. Refer 
to V-1 for Schematic. 
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VERTICAL OSCILLATOR AND VERTICAL 
DEFLECTION TROUBLES 


FROM OUTPUT OF VERTICAL OSC. (60%) VERT, OUTPUT 
SYNC. SECTION & DISCHARGE 







TO VERT. CENT. 
ON POWER SUPPLY 





22000 8200 8200 
HEIGHT 
4 
0.002 | 0.005 | 0.005 
ut uf yt 
400 V | 400 V}| 400 V 


2.2 MEG. 10000 
22000 100000 soe 
lOwf, 450V 56000 
VERT. LINEARITY 
-l00V TO HORIZ. -1OO V +275 V 


OUTPUT TRANS. 


Diagram of vertical oscillator and deflection section. The input 
consists of sync pulses from the sync separator section (S-1). 
These pulses are integrated in the r-c network and trigger the ver- 


tical oscillator. 


——--—------ 





71 


ST 


22 


Vertical Oscillator and Vertical Deflection Troubles. 
Typical Symptoms 


1. Inability to form a single picture vertically at any setting of 
the vertical hold control, indicating that the frequency of the 
vertical oscillator is incorrect. 


Insufficient height or poor vertical linearity. 
Fold-over at top or bottom of raster. 


Bright horizontal bar(s) across raster. 


nan & W bd 


No vertical deflection, indicating failure of vertical oscillator or 
vertical output. 
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A single bright horizontal line on the kinescope indicates absence 
of vertical deflection. Refer to text on reverse side of this card and 


also to VO-1b and VO-Ic. 
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VERTICAL DEFLECTION FAILURE 


The saw-tooth current that normally flows through the vertical de- 
flection coil serves to deflect the electron beam in the kinescope 
slowly from top to bottom and rapidly from bottom to top at a 
rate of 60 times per second. 


The saw-tooth current that normally flows through the horizontal 
deflection coil serves to deflect the beam slowly from left to right 
and rapidly from right to left at a rate of 15,750 times per second. 
If for any reason the current in the vertical deflection coil fails, the 
result as seen on the kinescope is a single bright horizontal line 
which is due to horizontal deflection of the electron beam. With no 
vertical deflection, all of the horizontal scanning lines (approxi- 
mately 500) are compressed into a single bright horizontal line as 
shown in VO-la. This condition was produced by a “dead” tube 
in the vertical output circuit. The same effect can be caused by— 
(1) Failure of the vertical oscillator. HEV 
(2) Open coupling capacitor between the vertical oscillator and 
the vertical output tubes. 
(3) Open primary or secondary in the vertical output transformer. 
(4) Open circuit in both halves of the vertical deflection coil. 
(5) Failure to plug deflection-coil cable into chassis. 
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Single bright horizontal line with damped oscillation, produced 
by open circuit in one half of the vertical deflection coil and open 

in both of the damper resistors across the vertical coils. Read @) 
VO-la to VO-Ic. 
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In a few cases failure of vertical deflection may appear as shown 
in VO-lb where in addition to horizontal deflection there is a low- 
amplitude damped oscillation. This damped oscillation is coupled 
into the vertical coils from the horizontal deflecting coils. The con- 
dition shown in VO-lb is produced when one half of the vertical 
deflection coil and both of the vertical damping resistors are open. 


When there is no vertical deflection, a quick check on the vertical 
output circuit can be made by introducing 60-cycle ac into the 
grid of the vertical output tube. This 60-cycle ac Panne sine- 
wave deflection as shown in VO-Ilc. 


When this picture was made, the coupling capacitor between the 
vertical oscillator and vertical output tubes was opened, and 60- 
cycle voltage was injected into the output tube by touching a 
finger on the grid. In most locations the ac voltage difference be- 
tween the body and the chassis is sufficient to produce some verti- 
cal deflection in this manner. The actual amplitude may be greater 
or less than shown in VO-lc. Note that in this picture the test 
pattern appears to be rolled up in the form of a horizontal cylinder. 
This appearance is due to the sine-wave vertical deflection. 


This simple check shows that the vertical output circuit, including 
the tube, output transformer, and vertical deflection coils, are in 
normal operating condition, and indicates that the trouble is ahead 
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60-cycle sine-wave instead of saw-tooth voltage applied to 
vertical output tube. Read VO-1la to VO-lIc. 


grid of 
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of the vertical output tube. As mentioned previously, the fault in 
this case was an open coupling capacitor between the vertical oscil- 
lator and the output tubes. 


This simple example of “signal injection” to aid in localizing trou- 
ble quickly in the vertical deflection circuit can be extended and 
improved by using a good audio oscillator, such as RCA WA-54A, 
to provide 60-cycle sine-wave signal of adjustable amplitude. First 
feed the audio oscillator signal directly across the vertical-deflec- 
tion coils, then across the primary of the vertical output trans- 
former, then into the grid circuit of the vertical output tube, and 
finally into the output circuit of the vertical oscillator. Absence of 
vertical deflection on the kinescope at any one of these points will 
reveal the location of the trouble. 








\ Uneven decrease in vertical height produced by half of vertical de- 
a | flecting coil open. This condition might be attributed to a mis- 
adjustment of the height control, but the fact that there is more 
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height on one end than on the other end indicates trouble in the 
vertical deflecting coil. Refer to VO-1 for schematic. 


rege — 


= 


ACA Television PICT-@-GUIDE 742. 








Uneven decrease in vertical height, resulting in a trapezoidal or 


keystone-shaped raster as shown above, is produced by an open &) 
circuit in one half of the vertical deflection coils. The effect of 
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an open circuit in the other half of the deflection coils is shown in 
VO-2. 


The effects of a short circuit across either half of the vertical deflec- 
tion coils are shown on the front and back of VO-2b. 


A keystone-shaped raster which is narrow at the top and wide at 
the bottom, or vice versa, is caused by a short circuit across one 
half of the horizontal deflection coils. A photograph of this effect 
is shown in HD-10. 


In general, when the raster has a definite trapezoidal shape, either 
vertically or horizontally, accompanied by loss of height or width, 
the trouble is most likely due to a short circuit or open circuit in 
the deflection coils. An exception to this general rule is found in one 
projection-type receiver in which the optical system produces a 
keystone-shaped raster that is corrected by positioning permanent 
magnets near the kinescope. 
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Trapezoidal or keystone-shaped raster produced by a short circuit 
across one half of the vertical deflection coils. Refer to reverse side 
of this page, and also to VO-2 and VO-2a. 
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Trapezoidal or keystone-shaped raster produced by a short circuit 
across the other half of the vertical deflection coils. Refer to reverse 
side of this page, and also to VO-2 and VO-2a. 
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Poor vertical linearity and decreased size. Height and linearity 
controls can restore size but not linearity; circle in test pattern 
becomes more nearly square than round. This picture is produced 
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when 0.05-uf capacitor in plate circuit of discharge tube is changed 
to 0.1 uf. The value of this capacitor is rather critical for good line- 
arity. Open electrolytics in the cathode or plate circuit of the ver- 
tical output tube also affect height and vertical linearity. Refer to 
VO-1 for schematic. 
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Fold-over of bottom half of picture is produced when the grid re- 
sistor of the vertical output tube is changed from 2.2 megohms to 
about 50,000 ohms. Refer to VO-1 for schematic. hs 








Fold-over at bottom produced by leakage (/ megohm) across grid 
coupling capacitor of vertical output tube. Height was intentionally 


expanded for this photograph. See reverse side and also VO-4. Refer 
to VO-1 for schematic. 
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Fold-over of bottom half of picture produced by a short-circuit 
across grid-coupling capacitor of vertical output tube. See reverse 
side and also VO-4. Refer to VO-1 for schematic. 
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Bright bar at top of raster is produced by heater-cathode leakage 
in the vertical output tube. Intermittent heater cathode leakage 
due to microphonism produces bright horizontal lines in raster. 
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Refer to VO-1 for schematic. 
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Faint dark vertical bars and the damped oscillation evident at top 
of raster are produced when the damper resistors across each ver- 
tical deflecting coil is open. When only one of the resistors is open 
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the trouble is barely noticeable. Refer to VO-1 for schematic. 





Incomplete picture produced when 100,000-ohm resistor in circuit (Pry 
of vertical hold control is open. Vertical hold control ineffective. 
Frequency of vertical oscillator is incorrect. Any changes in the 
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time constant of the resistor-capacitor network or in the voltages 
of the vertical oscillator circuit may make it impossible to adjust 
the vertical hold control to produce the correct oscillator frequen- 
cy of 60 cycles per second. When this frequency is not correct, it 
is impossible to obtain one complete picture from top to bottom. 
Refer to VO-1 for schematic. 
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The presence of two complete pictures indicates that the electron 
beam in the kinescope is being deflected from the top to the bottom 
in 1/30th second, or that the frequency of the vertical oscillator is 
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30 instead of 60 cycles per second. This condition is produced by 
increasing the value of the 1.5-megohm resistor in the oscillator 
grid circuit to 3 megohms, and by adjusting the vertical hold con- 
trol for a stationary picture. The effect is accompanied by flicker 
and lack of interlace. Refer to VO-1 for schematic. Read VO-7a 
to VO-7f. 





ANALYSIS OF VERTICAL OSCILLATOR TROUBLES 


Troubles in the vertical oscillator can be grouped in three classes 
that produce different symptoms on the kinescope: — 


1. A dead or completely inoperative oscillator generally results in 
complete absence of vertical deflection. This condition is evi- 
denced on the kinescope by a single bright horizontal line. The 
same effect is produced by certain troubles in the vertical de- 
flection circuit as described in VO-1la to VO-lIc. 

2. A weak oscillator makes it difficult to obtain sufficient height 
with good vertical linearity. The same effect is produced by 
certain troubles in the vertical deflection circuit as shown in 
VO-3 to VO-5. 

3. Incorrect frequency of the vertical oscillator makes it impossi- 

Continued on Page 206 
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| The presence of three complete pictures indicates that the electron 
\ beam in the kinescope is being deflected from top to bottom in 1/20th 
second, or that the frequency of the vertical oscillator is 20 instead 
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of 60 cycles per second. This condition is produced by increasing 
the value of the 1.5-megohm resistor in the oscillator grid circuit 
to approximately 6 megohms, and by adjusting the vertical hold 
control for a stationary picture. The effect is accompanied by severe 
flicker and lack of interlace. Refer to VO-1 for schematic. Read 
VO-7a to VO-7f. 


Continued from Page 204 


ble to obtain one complete picture from top to bottom within 
the range of the vertical hold control. 


When the symptoms as seen on the kinescope indicate that the 
vertical oscillator may be dead or weak, the best and quickest 
check is to measure the developed negative bias on the grid of the 
oscillator tube using an RCA VoltOhmyst.* The use of this instru- 
ment does not affect the operation of the oscillator circuit. In a 
circuit such as VO-1, the developed bias can be measured from the 
grid of the oscillator tube to the junction of the vertical-hold con- 
trol and the 2.2-megohm resistor. The voltage across this circuit 
is developed by grid current that flows when the circuit is oscil- 
lating. If the circuit is oscillating only feebly, the grid current and 
the resultant negative bias on the grid are lower than normal for 


*Reg. Trade Mark Continued on Page 208 
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The presence of two super- -Imposed half pictures indicates that the 
i. electron beam in the kinescope is being deflected from the top to 
the bottom in 1/120th second, or that the frequency of the vertical 
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oscillator is 120 instead of 60 cycles per second. This condition is 
produced by a short circuit across the 1.5-megohm resistor in the 
oscillator grid circuit, and by adjusting the vertical hold control 
for a stationary picture. Refer to VO-1 for schematic. Read VO-7a 
to VO-7f. 


Continued from Page 206 


the particular set. In this case try a new tube and check the resis- 
tors, capacitors, transformer, and other voltages in the oscillator 
circuit. 


When the pattern on the kinescope shows that the vertical oscillator 
can not be brought to the correct frequency by means of the verti- 
cal hold control, it generally indicates that resistors or capacitors 
in the oscillator circuit may have altered in value or that certain 
capacitors may have become leaky. 


In most television receivers the vertical oscillator is a blocking type 
like VO-1, or some form of multivibrator. In both types the fre- 
quency depends largely on RC time constants in the oscillator 
circuit. 


In VO-1 the frequency is dependent primarily on the RC time con- 
Continued on Page 210 
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Same trouble as in VO-7c, but with vertical hold control adjusted 
to produce a different vertical oscillator frequency. The effects 
shown in VO-7, VO-7c, and VO-7d can be duplicated by leakage 
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across the grid capacitor, by a low-value grid capacitor, and by 
other troubles in the vertical oscillator circuit. Read VO-7a to 
VO-7f. 





Continued from Page 208 


stant in the grid circuit and to a lesser extent on the grid-return 
and plate voltages. The value of resistance in the grid circuit, and 
hence the frequency, is adjustable by means of the vertical-hold 
control. The correct free-running frequency is slightly less than 60 
cycles per second. Incoming vertical sync pulses serve to trigger the 
vertical oscillator, keeping it in step, or in sync, with the vertical 
deflection of the TV transmitter. 


When the frequertcy of the vertical oscillator is either too high or 
too low, the effect seen on the kinescope varies with adjustment of 
the vertical-hold control. The picture rotates vertically except at 


_ one or more definite settings of the vertical-hold control. 


The effects of various incorrect frequencies are shown in VO-7a 
to VO-7f. In each of these cases the vertical hold control is adjusted 
to obtain a stationary picture. 


The vertical oscillator and discharge circuits contain relatively few 
Continued on Page 212 
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Incorrect vertical deflection produced by open 0.05-uf capacitor or 
8200-ohm series resistor in plate circuit of vertical oscillator and 
discharge tube. Refer to VO-1 for schematic. Read VO-7a to VO-7f. 











Continued from Page 210 
components. These can be checked quickly with an RCA Volt- 


Ohmyst to locate the faulty unit. 


Faulty Sync or Incorrect Oscillator Frequency? 


There is frequently confusion as to whether troubles such as those 
illustrated in VO-7 to VO-7f are due to faulty vertical sync or 
to incorrect frequency of the vertical oscillator. A decision can be 
made quickly and definitely by “killing” the sync and “freewheel- 
ing” the vertical oscillator, as follows: 


(a) Remove the sync input to the vertical oscillator. One way to 
do this is to open the 0.01—yf coupling capacitor from the sync 
amplifier-separator section. This capacitor is shown at the left 
in VO-1. Sync may be killed more easily by temporarily re- 
moving one of the sync tubes, but this may kill both horizontal 
and vertical sync, causing the picture to go out of sync in both 
directions. The resulting pattern on the kinescope may be too 
confusing unless the technician has gained experience in inter- 
preting the combination of effects. 


(b) With sync removed, slowly and carefully adjust the vertical 
hold control. If at some critical setting it is possible to obtain 


Continued on Page 214 
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\. ~~ Same trouble as VO-7e but with different adjustment of vertical &) 
hold control. Read VO-7a to VO-7f. 
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one, and only one, complete picture from top to bottom, and 
hold it almost stationary by careful adjustment of the con- 
trol, it is a definite indication that the frequency of the verti- 
cal oscillator can be adjusted to the correct rate of 60 cycles 
per second. Naturally this setting of the hold control should 
not be too close to an extreme end of the control range, other- 
wise there may not be sufficient adjustment at this end when 
sync is again applied. If this condition exists and all of the ( 
components and voltages are normal, the resistor in series with 

the vertical hold control can be increased or decreased in value 

as necessary to bring the operating point of the vertical hold 
control into the center of its range. 


(c) With vertical sync removed, if it is not possible to obtain one, 
and only one, complete picture at any setting of the vertical ( 
hold control, it is a definite indication that the frequency of 
the vertical oscillator can not be brought to the correct rate 
of 60 cycles per second. In this case try a new oscillator tube 
and check the components and voltages in the oscillator circuit. 


In VO-7e and VO-7f the 0.05-uf capacitor, or the 8200-ohm series 
resistor, in the discharge plate circuit of the vertical oscillator and 


Continued on Page 215 
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discharge tube (VO-1), is open. This condition affects the fre- 
quency of the vertical oscillator and also produces very rapid deflec- 
tion. In normal operation the saw-tooth voltage for the vertical 
output tube is generated across this capacitor. When the capacitor 
is open, the voltage on the plate of the discharge tube rises very 
rapidly instead of gradually. This rapid rise, and the normal rapid 
discharge or drop in plate voltage, produces rapid vertical deflec- 
tion of the electron beam in the kinescope, even if the frequency 
is correct. As a result all of the scanning lines, which should be 
nearly horizontal, have a decided slope. 


If the reader studies the accompanying photographs and explan- 
ations, he should have no difficulty in recognizing and understand- 
ing the symptoms of incorrect vertical frequency. It is suggested 
that the reader duplicate the troubles shown in these photographs, 
particularly noting the wide variety of effects that are produced 
by adjusting the vertical hold control in each case. For classroom 
or other instructional purposes, the 1.5-megohm series resistor may 
be replaced with a 10-megohm potentiometer to permit changing 
the frequency of the vertical oscillator over a wide range. 
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Lack of interlace is indicated in this photograph by the moire 
3 (wavy or satin) effect on the horizontal wedge. Read VO-8 to 
VO-8b. 
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INTERLACING CONSIDERATIONS 


In motion pictures and in television the impression of continuous 
motion is obtained by showing a sequence of “still” pictures. It is 
necessary to show a sufficient number of still pictures in each 
second to avoid flickering and jerky motion of moving objects. 


In television, under present standards, 30 complete pictures 
(frames) are shown each second. To reduce flicker, without in- 


creasing band-width requirements, the 30 complete pictures are 


broken up into 60 half-pictures (fields). The first field consists of 
horizontal scanning lines 1, 3, 5, 7, etc., with a blank space between 
each line. The second field consists of scanning lines 2, 4, 6, 8, etc., 
also with a blank space between each line. 


It is desirable to have the scanning lines of the alternate fields 


mesh, or interlace, in such a way that line 2 falls centrally between . 


1 and 3, line 4 falls centrally between 3 and 5, etc. 


To provide good interlacing, TV stations transmit equalizing pulses 
before, during and after vertical sync. Equalizing pulses are shown 
in S-2. The equalizing pulses serve to keep the vertical oscillator 
triggering at an exactly uniform rate, despite a half-line difference 
in horizontal sync timing at the end of alternate fields. 


The following paragraphs contain practical information about 
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The regular spacing of the return lines (slanting light lines) of 
alternate fields in this photograph indicate good interlacing. Read S) 
VO-8 to VO-8b. 
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interlacing: 


1. Interlacing does not present any particular problems or troubles 


in television receivers. Possible causes for poor interlacing in 

a television receiver include— 

(a) Stray coupling of 15,750-cycle pulses (from the horizontal 
oscillator, horizontal deflection, or high-voltage circuits) 
into the vertical oscillator circuit. 

(b) Defect in the integrating network of resistors and capaci- 
tors in the input circuit of the vertical oscillator. 

(c) Vertical hold control set too close to the point where the 
picture tends to roll downward out of sync. 


. Some TV stations exhibit lack of interlacing in their transmis- 


sion of test patterns. This trouble is not evident, to the writer’s 
knowledge, on actual programs. If lack of interlace is evident on 
all receivers when receiving one particular station, but is not 
evident on other stations, there is no need to worry about the 
receiver. 


. Any normal television receiver can be made to go out of inter- 


lacing by turning the vertical hold control to a position where 
the picture is just on the verge of moving downward. This posi- 
tion is quite critical. 
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The “pairing” of the return lines (slanting light lines) of alternate 


fields in this photograph indicate poor interlacing. Read VO-8 to 
VO-8b. 
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4. The technician should be able to recognize the symptoms of poor 
interlacing as evidenced on a test pattern. For this reason we 
have included three photographs (VO-8, VO-8a, VO-8b) and the 
following explanation: 


VO-8 shows the moire or wavy pattern that is produced on the 
horizontal wedge when the set is not interlacing. This condition 
was obtained by coupling high-voltage pulses, from the horizontal 
output circuit, into the vertical oscillator grid circuit. The same 
effect can be obtained more conveniently by adjusting the vertical- 
hold control to a position where the picture is on the verge of mov- 
ing down. Many of the Pict-O-Guide photographs show how the 
horizontal wedge appears when interlacing is good. 


Lack of interlacing causes the scanning. lines of the alternate fields 
to “pair” or lay over each other. It is this pairing that produces 
the moire pattern on the horizontal wedge. Pairing increases the 
dark space between the paired sets of lines, with the effect that the 
line structure can be seen more clearly. In VO-8, the line structure 
is clearly evident because the alternate lines are paired and there 
is more dark space between the paired lines. This effect can be 
observed easily by spreading the picture as much as possible with 
the height and vertical linearity controls, and then adjusting the 
vertical hold control as mentioned previously. 











In making the photographs for VO-8a and VO-8b, the receiver con- 
trast control was turned down (not enough to lose sync) and the 
brightness control was turned up, making the return lines (slanting 
light lines) visible. The test pattern can be discerned faintly in the 
background. 


The number of return lines depends on the fly-back time of the 
vertical oscillator in the particular set. If the fly-back time is 
relatively long, there will be a greater number of return lines. 


In VO-8a, 6 return lines are evident. Counting from the bottom, the 
Ist, 3rd, and 5th lines belong to one field. The 2nd, 4th, and 6th 
lines belong to the other field. 


When interlace is good, as in VO-8a, the two sets of interlaced lines 
are equally spaced, or correctly interlaced, as shown. 


In VO-8b, the vertical hold control was adjusted to produce poor 
interlace, with the result that the return lines of the alternate fields 
are paired. Counting from the bottom, lines 1 and 2 are paired, 3 
and 4 are paired, etc. 


It is suggested that the technician perform the experiments shown 
in VO-8, VO-8a, VO-8b. He can then put aside any worry about 
interlacing and concentrate on technical aspects that have real 
Significance in television service. For example, a subject that de- 
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serves study is the effect of the location of the picture carrier on 
the over-all rf-if response curve. The position of the carrier has a 
very important bearing on picture quality, signal-noise ratio, blank- 


_ing, and sync action. This important subject is covered in R-5 to 


R-5h inclusive. 





The photographs of the WFIL Test Pattern are reproduced with 
permission of the station management. The pictures were made by 
using a receiver in good operational condition except for the specific 
faults purposely introduced. The quality of the test patterns in no 
way reflects upon the quality of the transmitted signal of WFIL 


or the station personnel. 
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